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PREFACE

On October 3, 1965, & cooperative agreement was slgned belween

the Nétldnai.Aerdnadflcs and Space Adminlistratlon (NASA} and the U.S.
Department of Agriculture {USDA} authorizing research to be undertaken
In femnte.senglng as-relEtea;to'Agrlcuééﬁre}'FdreSt;f.and Range Manage-
ment undéf fundlng provfded by“fhé SUpporé}ng Research and Technology
(SRGT) program of NASA, Contract No. R- Oﬁﬂojﬂ 002, USDA designated |
the[Fbrest Service to mon!tov and provlde grants to fore%try and range
' management résearch workers. A1l such studles were adm{nistcred by the
Pacific Southwest Forest and - Range Exper!ment Station In Berkeley,
Californla In cooperation with the Forestry Remcte Sensinq Labaratory '
of the UnIVerslty of Catifornia at Berkeley. Professor Robert N. -
tolwetl of tha Unlversity of Callfcrnia at Berks!ey.waé dec!ignated
coordinator of these research studies. |

' Forest and range rasearch studles were-funded.altﬁer direciiy wl th
the Forest Service or by Hg@cranda of'Agreemenf wlth cooperating univer-
slties, The f&!lowing is a !igf of reseafch organlzations participat- )
lng In the SRET program from October t, 1965, untll ﬁecember 3, 1972,

l

) I Forest Service, USDA, Paciflc Southwest Furest and Range’
' Expériment Station, Berke[eyP Caltfornia. 7
2. Forest Service, USDA, Rocky Mountain Forest and ﬁange Exper-
lmént Station, Fort €ollins, Colorédo.
3. " School of Forestry and Conservation, Unlvgrs!ty of Callfornia,

Berkeley, Californla.

L, School of Forestry, Unlverslity of Minnesota, St. Paul, Minnesota.



5. School of MWatural Reséurces, University of Michigan, Ann
Atbor, Michigan. o
6. Department of Range Hanageﬁent, Oregon Séate.Univarslty,

~—

_Corvallis, Oregon. o e
'This rééérfsummarlzes‘tﬁe signlficanthfindlﬁgs pf_fhis researcﬁ,
'_anqtldéntlflgs reséarqh_results thgh hgve_been app{led_ér are reédy‘
for.apél}catioh; ‘lq_adQFtion;Tthe work carrled on;fﬁf'yhg réporting
pgrlod Dctobgf l; ]97},'un£ll Decemb;r 31, 1972, Is dgscrlbed in dgtaif.-
’ﬁ Ilstfpg of.a!l research reéorts produced underIﬂASAVSRgT funding
for f@rest and range studies can be found in the Appepdlx of Ehfﬁ ‘
repdrtﬁ | |

*
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Richard J. Myhre, Photogfapher

Kristina A; iealear, Geographer resigned 7/}[72 |

Marilyn Wilkes, Programmer .

Thomas H; Waite, Forestry Technician (Resaafch)
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SIGNIFICANT FINDINGS FROM SUPPORTING RESEARCH AND

TECHNOLOGY STUDIES -- PERIOD OCTOBER 1, 1965 TO DECEMBER 31, 1972

-5. INVENTORIES

). Color infrared (CIR) film is tﬁe best bhotogréphic sensor to
use for identifying forest and nonforest land uses from ﬁigh altitudes.

2. Winterlis.the best season to take microscale CIR photography
(1:120,000 to 1:2,500,000) for identifying broad forest types in the
Southeastern United States. For example, 97 percent'of'all forest
points were correctly identified by three Eﬁterpretefs, and 70 peﬁcent

“of the forest types on 1:420,000 CIR. :
3. Based on a comparison of results from two fndependent studies,
microscale CIR photography is useful for forest area estimates and as
a basis for stratifying forest area in multistage forest inventories.
L, Multistage probability sampling as outlinedlin-£he S-065
Apollo 9 experiment for estimating timber volume demonstrated that
such a system has excellent potentialitiés for earth resources iﬁventories.
5. Automatic photo interpretation of forest éhdrnonforest land
uses using film density in pattern recognition tecﬁniques shows potential.
However, at the present state of the art, the classification accuracies
by those techniques are far tbo low to be useful in forest inventories.
B. STRESS |
*I. A multistage probability sampling concept Qas developed for

taking first small scale photographs, then large-scale photographs, and

“Research results which are being applied by forest managers.



finally ground samples to get rapid, réliabfe estimétes of tree

mortality from bark Beeties.

*2. Scales as small as 1;32,000 are adequa;e forldetection of
infestations larger than 1 to 2 trees (>5 m) per infesfation.

3. Detérmfnation of the rate of foliage discoloration of dying
pine‘trees from bark beetle attack using sequentiaf:phétography is
facilitated by using Munsell charts and spectral'anaIYSIé.

~ h. Neither normal color tNC) nor CIR film is useful as a
previsuél detector of stress ih conifers. |

5. Detection of discoloring trees in Western United States is
as good on NC as on CIR at photographic scajes of l:ts;Bﬁb or larger.
‘At smaller scales, CIR is better. o

6. Physidlogical studiés showed that:

a. In the Black Hills in May, befofe foliage discoloration
occurs and with full sun at midday; temperature differences were 2° to
. 5% C. greater oﬁ dying pines infested with bark beetles than on heal thy
- pines. o -
| b. HNeedle moisture, as measured'by‘a pressuré bomb,.was éoﬁ-
sistently and significantly greater on dying tfees'than on heélthy tfees.

C. Vépor pressure deficit of thé atmosphere, soil moiéture
' availabilitf, and solar radiation are importén; componenfsrof transpira~

tion and should be measured.

%
- Research results which are being applied by forest managers.



d. No reliable temperature differences existed between

Douglas~fir trees infested with Poria weirif'and healthy firs.

Spectral differences were also minimal between infected and healthy
firs.

7. A digital data acquisition system for collecting 80 channels
of bioph?sical data was developed prior to the launch of ERTS for rapid
data analysis. The system is béing used to check biophysical data
transmitted via data collectioh platforms (DCP) to ERTS from these
field sensors.

8. Expertise in co]leétiﬁg and processing multispectral'scanner
(MSS) data was developed in this program toward ultimate automatic
photo interpretation and automatic data proéessing. |

9., Accuracy in classifying forest stress signétﬁres with multi-
spectral scanners aﬁd processors varies and can be rated .according to
the following categories: |

a;. Good for separating Eealfﬁy trees from dis colored deadl
tréés. |

b. Good for separating conifafs from hardwoods .

c. Poor (because of high omission and comﬁission errors) for
detecting stressed pines previsually, although no analysis has been
done for M55 imagery takén in May 1972 with a sfngle-aperture scanner.
A1l indications point to more accurate identification of previsua!
signatures with the newer MSS. :

d. Poor for identifying widely separated inaividual pine tfees

affected by air oxidanis,



e. The §evén wavebands found most efficient to identify

forest targets are summarized as follows by waveband and forest use

FOREST
no snags  LAND USE

TREE .

class:

MICROMETER TREE VIGOR

WAVEBANDS w/snags

0.40 - 0.44 X -
0.55 - 0.58 X X
0.66 - 0.70 . -- X
0.70 - 0.74 X X
i.5 -1.8 X X
2.0 -2.6 . -
9.3 -1.0 X X

SPECIES RANGE MWATER
X
X
X
X
X

- X

” _ . .
Includes water turbidity and thermal pollution.

10. Poria weirii (root rot) signatures on Douglas-fir trees in

the Cascade Mountains of Oregon have a distinctive-fingworm appearance

and can be detected on small scale aerial photographs (on black-and—

white as well as on NC or CIR films) -- scale 1: 200 000. They might

also be detectable on satellite imagery.

C. CALIBRATION AND STANDARDIZATION OF AERIAL FILMS

1. The instrumentation for precise calibration of color aerial

film (both NC and CIR) has been developed.

Daylight spectral distribu-

tions were investigated, and a lamp-ft!ter combination was found to

match the typncal daylight curve within 0.06 on: the Ioglu scale,

2. A practical field test of color aerqal films (NC and CIR) was

performed with sensitometric calibration.

The generél cyan cast of



—

Eastman Kodak 50-397 filim was noted while a sjight st;ehgth in red and
orangé colors was attributed to Anscochromé D/200 for spiral reel
processing. For overall vegetation, Kodak Aerochrome Infrared (2443) with
the Wratten lZ-fi]ﬁer was considered better than Kodak Ektachrome Infra-
red {8443 and 2443) plus Wratten 12 filter, plus CC30 Blue. The latter
combination-gave the best results for a Colorado range area.

3. A mafhematical model of the fofm D =A e"(eo"{-s_lx * BZXZ +-83xs) - ¢
was found to fit the characteristic curves.o% typé 2h43 CIR film-QD‘being'

integral density and x equaling log exposure. The model fit the data

within 0.03 density units in some cases.



SECTION SUMMARIES

SECTION I - FOREST INVENTORY

Forest and Nonforest Land Classification

- Usjing Aircraft and Space Imagery

A test waﬁ méde to detérmine the accuracy of interprétaéion‘for

i3 forest and nbnfqrest land classe% on 15120,0Q0 sbaie high-altitude
color infrared (CIR) photographs. These photographs covered the same
eight Ll-square-kiiometer (16-square-mile) study areas near Atlanta,
Georgia, used to test 1:420,000 scale photography in 1971, The pﬁdto-
graphs weré ta#én during a pefiod of 20 months to reﬁresent four |
seasons -~ winter, early summer, late summer, and late fall. Over

97 pefcent of forest points were interpreted correctly regardiess of
'séason. Approxfﬁate!y 80 percent of the combined fpreét types were
correctly idéntified on winter photography -- 80 percent 6f the piné

and pine/hardﬁood typeé combined; 76 percent of the:bqttoﬁland hard-
wood, and 85_percent of the upland hardwood. Only 33 percent of the
pine/hardwood type was correétly identified and should not be classified
on microscale photography. The major difference between the resuits of
this test and the tést made on 1:420,000 scale CIR lies in the improved
accuracy of classifying agricultural land uses, By class, the improvements_
ranged from 7 to 40 percent. A summary of thé caﬁabilitiés of large-,
medium-, small=scale, and microscale photography i§ given for forestry,
The cost of high-altitude photographic coverage is estjmated and compafed

with the present cost of photos used in the Forest Survey design.



The use of F?Im density for tand classiffcation is described in
two separate tests. In one, a Philco~Ford film density slicing tech-
hique was used to eﬁhance two Apollo 9 CIR photographs. The results
showed that color separations will never consiStently:fepresent the
same-land use class unless a technique is devised té eqﬁalize density
representations wfthin the phoéb fraﬁe. In the second test, red, green,
and blue densities were measured on 1:420,000 CIR film Fdr 13 forest
and nonforest land use classes. The films were taken dﬁring four
seasons =~ winter, early Summer, Igte&summer,.and léfe-fall. :The
densitiés were'normalized and thé means and 5tandard aeviations com=
puted for eaéh'forest and nonforest class. The results show that the
combination of red density and winter photography pkdvfdes‘the best
discrimination bétween classes, However; variétions caused by differenceé
in spectral sensitfvity of the film }afers to differing light levels and
light quality gcr&ss the film format, as well as th@ée resulting from
differences in the position of the density measurement within the
film format, cause standard deviations of the class means to overlap.
This makes.glass separation impossibte usfng film density alone.

Classification of Land Use by Automated Procedures

'>A combination of both supervised and unsupervised pattern recog-
nition techniqdes Qés used in the anafysis. First, fhe areé was scanned
on 1:120,000 color infrared (CIR) film by an automatic scanning micro-
densitometer with a red, a blue, a green, and a clear fiiter. Then
a clustering algorithm based upon the empirical multivariate distri-

bution of red minus clear, blue minus clear, and green minus clear

b



densities was used to group pictﬁre elements into three-dimensional
rectangles formed by defined density intervals -- one from each color.
All elements falling into 2 given rectangle were codéa by one of 16
symbols and prinéed out by computer. The computer map was then colored
according to a code. .The computer map, the color scheme for clusters,
aﬁd a map méde from interpretation of the aerial photograph are shown
for comparison. A first attempt to automatically locate boundaries

between areas of dissimilar types is also illustrated.

Land Use Classification in the Southeastern Forest Region

by Multispectral Scanning and Computerized Mapping

Alrborne multispectraf scanner data were collected bver two
test sftes in the southeastern forest region of the United States to
test the feasibility of mapping importanf land use categories., New
theoretical techniques were applied to prepfoceésing compensation
for effects of atmosphere and changing solar irradiapce. A major
contribution of the study is the anaiysis of sighature extension
capabillties froﬁ one training flight line to three additional lines
fér both blocks. Qualitative and quantitative analyses of SPARC system
processed data are made by comparison to ground truth information aé
interpreted from 1:35,000 scale color infrared (CIR) photographs and
field examination. The effects of time-of-day for MSS déta collection
versus optimum channel selection are discussed in terms of the impact

on classification mapping accuracy.



SECTION II - FOREST STRESS

The Use of Airborne Spectrometers |

and Multispectral Scanners for Previsual Detection

of Ponderosa Pine Trees Under Stress from Insects and Diseases

The inﬁfqllation of ground truth instfuméntation and data collec-
tion for the May 1972 éirbqrne multispectral scahnef_(MSS) test fliéht
in the Black H}lls is discussed. The final feasibility test for the -
use of airborne M3S equipment for previsual detection of forest
stress employed the University of Michigan M-7 multfspéctfal scanner,
This was the first application of a single-iine-of-sight scanner for
previsual defécfion of stress in conifer forests. :The final test
included several innova£ions fnldata collection inc}udingrthe addi tion
of & very narrow band,rdeep-red channel (0.7 to 0.73 micrometers (um))
apart from fhe,normal spectrométer channels, and flyiné the scanner in
a hso forward-léoking oglfque configuration. Primary channels for
previsual stress detection were as follows: (1) 0.40 to 0.Lh um, {2) 0.55
to 0.58 ym, (3} 0.66 to O_.?G um, (4) 0.71 to 0.73 ym, (5) 1.5 to 1.8 ym, -
and (6) 9.3 to 11.0 ym. Ratio processing of channels 4 to 2 and
channels 5 to 2 is gxpected to make a significant contribution to
prévisual dete?tion of stress.

Trend and Spread of Bark Beetle Infestations in the Black Hills

A discussion is given of the use of aerial pHotography for monitor-
ing the trend and the spread of bark beetle infestations in the Black

Hills. - Analysis of 1:33,500 scale color infrared (CIR) aerial photographs

v -



taken in May 1972 and 1:32,000 CIR éhotos tékeﬁ in Sepfember 1972

shows an overall 4.3 to 1 increase in beetle infestations within a 93~
square-kilometer area of the northern E]ack Hills. _ﬂost significantly,
a 3.31to | increase was noted in the infestation size class of 11 to

25 meters. This class is known to ;ontain the greatest volume of
merchantablé timber over the entire epidemic area. For the past several
years, SR&T-Supborted research has provided new techniques for coordin-

‘ating entomological information on population dynamics with new tech-

niques developed for aSSessiﬁg beeti; iﬁpact through thé use of aerial
photography. Considerable new photo interpretation data {(from both
large- and small-scale photography) now permit us to optimize photo
scale against interpretation errors, given a clear.definition of the

objectives of the survey.

Detection of Root Disease Impacts on Forest Stands by

Sequential Orbital and Suborbital Multispectral Photography -

AThis report summarizes the work done over the past eight years to .
detect stress caused by a primary forest disease in the Douglas-fir
type of the Eacific Northwest and indicates the potentiality of using
orbital and suborbital mu]tisgectral photography for‘identifyfng EQLLQ
‘disease sigﬁatures.‘ The initial postulation that a remote sensing
technique in the visible or infrared portion of the electromagnetic
speétrum might provide previsual discrimination between healthy and

- diseased trees has not been sufficiently successful to recommend under

10



normal ;rOwing conditions. No tests were qonducted ih root-rot areas
under extreme drought conditions or advanced-stages'of tree declineg
such conditions might permit previsual detection by remote sensing.

A more encouraging approach has been the distincf signature of
Poria root-rot cent;rs identified oﬁ aerial photograpﬁs.in the high
Cascades of Oregon by the circular bare;ground pattern aséociated with
t he progressivehspread of the disease. Three test sites have been.
establfshed in Oregon to determine the extent to which a unique signa-
ture can be detected in different forest conditions. Pﬁoto inter-
pretation needs to be completed and compared withiground data before
we can say how useful remote sensing is to analyze the impact of this

root~rot disease on the forest resource.

SECTION III - STANDARDIZATION AND CALIBRATION STUDIES

Development and Field Test of an ERTS-Matched Four-Channel Spectrometer

The design,rcatibration, and field test of the Fofest Service RS-2
field spectrometer are described. The ﬁS-Z is @ lightweight and self~
contained instrument designed to obtain simultaneous radiometric data
in four Spectra] bandpasses which are identical to those of the ERTS-1
multispectral scanner (MSS). Célibratién tests with a precision light
source and reflectance standards show the RS-2 is highly accurate in the
measurement of térget exiténce in each of the four ERTS MSS bandpasses.
Results are presented of the field test at Atlanta, Georgia (tesf 5ite
217) in November 1971 which show the relationship between target spec~

tral radiance measured simultaneously on the ground with the RS-2

1



spectrometer and the Uﬁiversity of Michigan airborne M-? multispectral
scanner. The application of the Forest Service RS-2 spectrometer for
the measurement of spectral radiance on the ERTS-1 experiment 226A
(Black Hllls) is dISCuSSed

Callbratnon of Focal Plane Shutters

A technfque is described for measuring the exposure times of
' focal plane shutters with special emphasis on aerial caﬁeras. The
components are_ansmall He-Ne laser, silicon phototraUSistor detector
with amplifier, and an oscilloscope or electronic counter. A sample
and hold circuit is describéd which seeks out the approximate half
amplitude points of the light pulse throﬁgh the shutter for measure-

ment of half width on the time base.

Mathematical Modeling of Film Chgracterisfic Curves
A mathematical model for the D versus LogE charaeteristic curves
of color reversal films has been empirica]ly'derived. The equation
for density takes the form of an exponential function fn log exposure'
and has been teéted for color response curves of Eastman Kpdak 2443
corbr infrafgd (CIR) film, Results for one sampie of film yield least
square fits with standard error less than 0.032 density units of three
coior response curves (red, green, clear). The standard error for the
blue response is 0.079. Suggestions are presented for the improvement

of the latter.

12



'FOREST AND NONFOREST LAND CLASSIFICATION

USING AIRCRAFT AND SPACE IMAGERY . '

by

. Rebert C. Aldrich and Wallace J. Greentree

INTRODUCTION

Three appl:cat:ons of remote sensing that will have a great impact

- ‘on extensive forest inventories in the future are: (I) determining the '
* area of commercual forest land (2) measuring changes in the area of

‘commerCIal forest land, and (3) detecting disturbances on commerc:al

forest land from both natural and man'made causes. Thesa and other fac-
tors were a strong influence in selecting the objectives of‘the,research-
s tudy reported here. | | | |

Determining the feas:blilty of using hlgh-altltude and space lmeéery“'

for defining forest and nonforest land use and for detectlng dis turbances

in the forest envuronment was the long—range ‘research’ obJectsve of this
-'study There were a number of |ntermed:ate objectrves as well One was
T tOo resolve the questlon of season =-- what is the best season for discrim-

‘,inat:ng between forest and nonforest classes? what are the limits of

accuracy for iand use classification on hlgh-altltude -and space photog-
raphy (1:120,0600 to 1:2 L1400, 000)7 We were also concerned with both

the conventtonal and the more unconventional remote sensing tecols that

“are availabie. Thus, our program focused on three approaches: (1) an
dj”anélysis of photographic imagery using conventional interpretation tech-
“tniques with trained interpreters, (2) an analysis of. photographic imagery

v by automated techniques using film densities as variables with computer

13



discriminaht'anaiysis techniques, and (3} a test of a single-aperture
12-channel, multispectral scanner and of computer ﬁrocessing to optimize
channels for forest and nonforest classification and t to create recognt—
tion maps of forest and nonforest land use classes.
This report covers progress made durlng‘the lagt year using photo

'interpretation techniques for classifying forest and_nonforest land use
in ;he.Atlanta, Georgia, test site (217) (Figure f). Significant results
of work‘coﬁpleted during thé first two yéars are ngen in the summary -
preceding this section as well as in previous annual reports (Aldrich

et al, 1970; Aldrich and Greentree, 1971; Greentree and Aldrich, 1971;
Norick and Wilkes,.l§7l). In the report that follows this, Norick and
Wilkes address the problem of computer analysis téchniques using film .
density for land uée classification. A third repért {(Weber et al} des-
cribes a first-time test of a 12-channel mhltispectral scanner for
forest and nonforest lénd use ciassification. Theée three reports to- '
gpfher make up the final report for the Forest Inventory studies con-

ducted under NASA contract R-09-038-002,

LAND CLASSIFICATION ON HIGH-ALTITUDE AERIAL PHOTOGRAPHY

An accuracy test of photo interpretation using'four seasons of
15120,000 scale color infrared (CIR) photography was made this year to
5gppiement the results of our 1971 test on 1:420,000 CIR photography.

The results from these two years of data comp!gte éuf evaluation of
high-altitude photography for forest and nonforest ]and classification,
At the end of the report we will show in summary the kinds of information
that foresters can gain from high-, medium-, and low-altitude photo-

graphy for forest resource surveys.
! .
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Figure 1. The Atlanta test site includes all or portions of

27 counties in Alabama and Georgia. Eight intensive study areas
referred to in this report are shown with heavy hatch marks and
solid boundaries. The remaining study blocks (secondary) were
not used in this phase of the study. o




o

Although we h;ve found that filmrdensity sliciné and the direct
use of film density in supervised computer classification procedures
is not yet feasible, we are including a short evaluation to show the
status of tﬁjs technique. Some new and very promféing approaches to
multispectral film density stratificationlare given by Norick and Wilkes-
ih the followiﬁg report. ‘ B |

| PHOTO INTERPRETATION TEST -
 Procedures

Color infrared photography acquired by NASA'leartH Resources Air-
craft Program, Manned Spacécraft Center,'Hoﬁston,.fexas, was used for
this study. The films were exposed in a Wild RC-B (6-inch FL) mapping
camera from an altitude of 16,750 meters (55,006 fegt) above sea level
in an RB~57 aircraft.‘ Thé aircraft missions, dates, film types, |
filters, anﬁ film quality are inen in Table 1.

The forest and nonforest ground claﬁsificatﬁéné used in assessing
- the accuracy of the phéto interpretation were derived from various
sources. Basic land usé maps made for each of 16 test strips-in eight
hl-Square-kiIOmeter (16-square-mile) study blocks in 1970 were used as
a foundation for the ground truth. Tﬁese map data were updated by
ground examinatiohs made at the time of each BB-S? ovefflight and by
" careful checks of 1:60,00C CIR film taken at the same time,- At least
80 established observation points were re-examined on the ground and

numerous roadside observations were made at the time of each overflight.

iA four-jet engine aircraft capable of an operational ceiling of

60,000 feet.
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Table 1. High-altitude photography by RB-Sj-missionﬂ
RB-57 : oL :
Mission Date Filn Type Filter Quality
- 158 March §, 1971 2443 Wib Slightly overexposed;
: . . . color quality excellent
191 Nov. 11, 1971 24443 W15 Slightly underexposed;
: color quality excellent
205 June 1y 1972 2043 Wiz . Good exposure; color
quality excellent
214 Oct. 2, 1972 2443 510 NM . Good exposure; color
: - : (cut-off quality excellent
filter)
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Reductions in financial support this year made it 5ecessary to
complete the test with only one interpreter; at least two, but preferably
thrée, intefpréters are needed to compute and analyzervariations be tween
interpreters and seasons of phétography. However, since our analysis in
1971 showed no significant difference be tween interpréters or season of
photography, it is highly unlikely that there would be a difference this
. year. The one fﬁterpreter completing the test was.expérienced and was
one of three interpreters to complefe the interpretatign of 1:420,000
CIR in 1971. Possible bias was reduc;d as much as possible by his

ihterpretiné this smallest scale first. It is also important to note
that a periéd of one year had elapsed since the 6rigiﬁa1 interpretation
{thereby reducing the likellhood that his previous knowledge of the
area would introduce bias), and the order of-interﬁretationvby missions
and by study.blocks was randomized té reduce btas. |

With the exception of Mission 158 (Mrch 1971),'thé interpreter
examined 343 poinfs on each photo mission; On.Hiséion 158, one block
. was ﬁot cove}ed by thé photoéraphy. This reduced the numBef of points
to 311; The disﬁribution of points by forest and ﬁonforest class is
shown in Table 2. .

Interpretation was done monocdlar]y using a projection-viewer
(Figuré 2). Thi.s is essentially the same device that was used to
interpret 1:420,000 scale photography in 1971 with one'major.exception ~—

the projection function is now performed by a Beseler Slide King2

2Trade pames and commercial enterprises or products are mentioned
solely for necessary information. No endorsement by the U.S. Department
of Agriculture is implied.
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Table 2. Distribution of photo observation points by forest and non-

forest class.

——

Land Use]

Season 1t 2} 31 41 51 6) 71819 Jio] 1 12 |13 | Totatl
Winter 41 12(33|60|16 |15 |38 |14 25 51 271 12 0 311
(March)
Late fatl
Early summer | 57 120 )33 |75 {16 |15 ]38 {15125 51 281 15 1| 343
Early fall : )
' poresT

1 -« Pine

2 - Mixed pine/hardwood

3 - Bottomland hardwood’

4 - uUpland hardwood

. NONFOREST
5§ - Crop
6 - Plowed field
7 - Pasture
8 - Idle
g - Abandoned
10 - Orchard
11 - Urban
12 = Turbid water

13

Llear water
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Figure 2. This projection-viewer was used to enlarge 1:120,000 scale
photographs to coincide with 1:32,000 ground truth strip maps. (1)
Beseler Slide King projector, (2) adjustable mirror, (3) adjustable
viewing surface, (4) focusing adjustment, and (5) pulley for adjust-
ing mirror distance for scaling purposes.
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projector. 'Thé construction of this device hés been reported in the
literature (Aldrich et al, In press).

Imageryrof each study area was cut from the original film'and
.‘mcunted in an B.és- X Io.lé;cm(B-ilh— x L-inch) tantefn slide. Using
a'réndom number selector for photo missions and study blocks, each
wés placed in the projectionfviawer in turn qnd entarged approximately
j3.5 times to coincide with 1:32;000 scale templates shoﬁing the nﬁm—

‘ béfed pﬁint iocatiﬁns. Interpretation then:proceeded'point by point
with.the forest or land usé class being recorded forieachkpoint.

Data ffom tﬁelfour photo missiqns were punched for suﬁmation-and
computer ahélysis. | | |
- RESULTS

fhe rgﬁ&!ts of thi# photo interpretatiﬁnztest and the test in
21971 (Aldrich and Greentree, 1971) indicate that forest land can be
~ separated from nonforest land on microscalg aerial photography with
‘aAEigh level of aécﬁrécy. Both l:lZO,dDO‘and l:th,ﬁOO scale (CIR)

- photography resulted in over.96 percent accura;y ofrclassification.
“The biggest difference between the two scales fof‘interpretation Ties
jn the improvémeﬁt in di#criminating between agricultural land uses.
For instance, the éccuracy of crops and plowed fields was increased

7 percent on early summer photography. Table 3 show§ the best season
for interpreting agricultural uses and the accuracy expected for botﬁ
éca!es. ' |

The acéuracy of interpreting idle and abandoned land improved on

1:120,000 scale photography approximately Lo percent. Orchards that
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Table 3. Compar:son of the best interpretation accuracy for agri=

cultural classes by season and by photo scale.

\_‘_\

1:120,000

1:420,000

Land Use - Accuracy : Accuracy

Class (percent) Season . (percent) - Season
Cropland 58 early summer 51 garly summer
Pasture 100 winter 96 winter
I&le & Abandoned 70 -late S ummer - 30 winter
Ofchards 75 early summer 8 early summer
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were barely perceptible on 1:420,000 scale photography were corréctly
identi%ied 75.percént of the time on 1:120,000. The Bést time of year
for interpretation of idie and abandoned land appears to be in late
,summer and fall. Orchards, like cropland, are best interpreted on
early sumﬁer phﬁtography.
Forest land and improved pasturés are interpreted with greatest
aécuracy oﬁ winter photography (Figure 3). Both were 100 percent '
correctly identified. This confirms our conclusions of 1971 -~ namely
‘ fhét even though there was a slightly (insignificant) better accuracy
on_la;e summer photography.in 1971, the'winter saaSOn was best for
both forest use and forest typé classifications. THé variation iq
acéuracy is attributed to differences in'photo quality;
wintér ﬁhotography waﬁ also bast for interpre;ing both urban
land and water. This was a somewhat different resulf from what we
hadAobtained on 1:420,000 scale photography in }971. Apparently the
improvemgnt was a result of the better resolution anﬂ'superior quality'
of the Wilde RC-8 1:120,000 scale photography. Despite the slight
improvement of winter photography over the other fhree seasons tested, .
-all results are very similar -~ from 95 to 100 perceﬁt of urban classi-
fications aﬁd 80 to.90 percent of ﬁhe water classifications were correct.
0f the few férest points that were misclassified, the greatest
humﬁef weré-called either idle and-abandoned or urban (Figure 4), Some
of these were_ghance misélaséifications caused by a slight misalignment
of tHe template point locator. Others were abandoned land that was 

reverting to forest with a minimum stocking of forest trees. There were
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ﬁo errors of classification on winter photbgraphy which once agaih
pointed out the supériority of winter photoéraphy for forest classi-
fication.

Ninetg'pefcent of the errors in plassification'of cropland, idle
land, and pasture result from misinterpretations between_fmproved
grazing Iand, hay fields, recently idle agricﬁlture, and grain crops
such as wheat, bariey, and rye..

The accuracy of classifying pine type on 1:120,000 scale CIR
- photography was slightly lower than on 1:420,000. This was true for
‘afl seasons of photography.  The best classification was on’fall

imagery with a score of 75 percent (Figure 5). Winter was second

best with 70 percent. It iS difficult to explain the reduced accuracy
on the larger scale except to theorize that the anterpreter tended

to throw more plots which were near the borderline‘intp mixed pine/
‘hardwood and hardwood types | B

Mixed pine/hardwood is difflcult to lnterpret at any time of
-fyear.but is usually best identified on wintertime _photography. This
was true on both scales. Errors in cléssification are caused by
misinterpreting the amount of pine in a stand --.more than 25 percent
but Iessrthan 50 percent stocking of pine is required by this classi-
fication. |

Bottomland hardwood interpretatibn is simflar to that achieved'
" and reported in 197}, This type is best identified on winter and
late fall photography when deciduous tree leaves have fallen -~ 76 pércent

of these classifications were correct in winter, and 73 percent were
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cnﬁ}éc;.in Iaté fafl. This is much improved over thé 60 percent
accuracy reported for 1:420,000 scale photograﬁhy in 1971.

In 1971 we showed that on\]5h20,000 scale CIR filﬁ there was
little difference in accuracy of upland hardwood interpretation by
seasons. Thg range was 66 to 7! per;ent. Figure 5 shows that on
I:yZO,DOO scale CIR, 85 perc;nt of upland hardwpod wa5 correct ly
classified pn-winfer photography; fall was néxt best ﬁith 80 per-

_ cent accuracy. When the hardwoods {deciduous) are fdliated, itl
is possiSle to correctly classify only 65 percent of this type
regardless of ihe scale. |

- PHOTOGRAPHIC DENSITY SLICING OF APOLLO:9 PHOTOS
o _ Procedures o |

Two CIR transparencies from the Apollo 9 (S-ﬁ65) ﬁu]tiband
photography experiment (March 1969} were enhanced usfng photographic
density slicing techniques. These two photographs covered the ‘
Atlanta, Géorgia, forest inventory test site. The wérk was performed
by‘the.westérn.Development Laboratories Division 6f Philco-Ford Corpora-

tion unﬁer contract to the Geological Survey, U.S. Départment of'Iﬁterior;
between August 1970 and April 1971. .

In their enhanéement system, Philco-Ford first made multispectral
rsepérations for the red, green, and Blue sensitive layers of CIR photo;
graphy in negatiQe fqrm. A positive transparency was then made from
each negative. Using the three negatives and the three posétives,

it was possible to recombing the-Spectral data in nine different wayé

to better enhance image differences between forest land and nonforested.
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aréasQ Thg final and best possible.combination combined the green
négative with the fed positive for one aeﬁéity slice. This slice

was used asra mask on the green negative fo enhance the nonforest

‘land. Five additional density slices were made of the film density
in the forest land. By increasing density, these resulted in yellow,
red, light blue, dark blue, and green in the final enhanced photo.
Nonforest-areas appeared white; o

To check the accuracy of land classification, the enhanced

Apollo 9 photo was compared with data on 1:32,000 5céié CIR photos
taken in March 1970, Five of the hi-square-kilometer-(lG—quare-mile)
study blocks used in our previous experiments were used for this

check. The resuitant den;ity slices when color coded should represent
the same nonforest or forest class.

| Resuits
The resu?ts of comparing 1:32,000 scale aerial photographic data

with fwo density enhénced Apocllo 9 iﬁages are shown in Table 4,

o Although these enhancements were much improved over an ear!lier
enhancement producéd by Philco;Ford, differences in density caused by
sun.angle, photo exposure, and photo processing fédqced the effective-
ness of thé photographic density SIiciﬁg technique.' Because of differences
in density within photoéraphs; it Is necessary to evaluate enhancements
in terms of nonforest and forest classes in one small area of the phota

~at a time. Color separations will never consistently represént the same

land use class unless a technique is devised for equalizing density.

representations within the photo frames. Uniess this is accomplished,
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the édvantages‘of synoptic photos frdm space woﬁld be ﬁeriously reduced.
For éxample it is obvious from Table & that there is.no consistency
in the color assignments for forest and nonforest classes on this
Apollo 9 CIR photOQraph

Density slucnng as a photo enhancement tool should be most ugeful
with photographs produced from electronic signals. Here signals can
be adjuspedrfor differences caused by differences in sun angle and
atmospheric atténﬁation. The resulting density slices when color
coded will represent essentially the same nonforest.qr forest classes,
wherever they are imaged.

EVALUATION OF MULTISEASONAL FILM DENSITIES
Procedures.

Duréng.this reporting year, we comp!eteﬂ 6ur multiseasonal film
density comparison. This was made possible by the flight of NASA's
RB—S] Mission 191 on November t1, 1871, Unfortunatefy; both of the
70 mm CIR fiims were poor in color quality. Both were exposed in
Hasselblad cameras with 40 mmrfocal lengthllenses aEd with the same
film and filter combination. One resulted in an overall blue film;

the other was an overall green. Since the bluish film showed sdme
evidence of infrared response, we decided to ﬁse this film in our
study. Sample strips in eiéht study blocks were s canned with a micro-
densitometer. A description of the sample strips and the methods and
equipment used to measure film density in this‘study was reported
previously (Greentree and Aldrich, 1971) and will not be reported

here.
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Table 4. Comparison of enhanced Apolio 9 CIR photos (3791, 3792) and
classes from 1:32,000 CIR photos.

forest and nonforest

-

1:32,000 CIR TEST BLOCK
LAND USE ] 2 3 4 5
enhancement color

Pine orange orange red red-green red

Pine/hardwood # * green blue blue

Upland hardwood red red blue 'K - * blue

Botitomland hardwood * red dark blue dark blue orange

Nonforest green green : white whi te whi te
biue blue ' -
white white

None detected

31



Results

The normalized’ red, green, and blue densities of 1:420,000 CIR
fitm have Been plotted for 13 land use classes For_four seasons in
Figure 6. ‘Three seasons of data were taken from the 1971 annual
report. Only data for RB-57 Mission 191 (November 1971) have been

Qdded to complete the'seasonai comparison. |
As in the past, the red density signatures seem f§ indicate that
~ a separation can be made between forest aﬁd nonforestlélaSSes. This
again is most evident on the winter film {Mission 158).

Variation fn normalized red density, expressed by the standard-
deviations in Table 5, is very likely to be from tW§.sources: (1) dif-
ferences in spectral sensitivity of the film layers to differing light
levels and light quality across the photo format an& (2) the position
of the density measurement within the format, i.g., distance from the
nadir. Because of these uncontrolled variations, the étandard‘deyia-
tions of individual classes overlap and make it very difficult to
separate the élésses from one another.

The green and blue densities were also hormalized and the means
-plotted (Figure 6). It was again evident that blué aﬁd green densities
.show little difference between cilasses. However, both the normalized
biue and green, and the'ﬁorﬁalized red density, are being used in both
supervised and unsupervised computer classificgtjon procedures. Here .
minor dffferences may play an important roie even théugh they are not

easy to perceive by eye.

3Normalization was partially achieved by subtracting the density
value through the clear density filter ‘from the -densities after pro-

L jection through the red, green, and blue filters, réspebtively.
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Figure 6. This graph shows a four-season comparison of the mean nor-
malized red, green, and blue film densities for 13 land use classes,
Dens ity measurements were made on 1:420,000 scale CIR transparencies.
Normalizing consisted of subtracting the red, green, and blue densi-
ties from the film density to white light {(no filter).
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Table 5. Number of density data points, the mean red densit

season of photography. Combined study blocks.

y, and the standard deviations by land use by

LATE FALL

EARLY SUMMER LATE SUMMER WINTER
No., of No. of No. of No. of
Land Uie Data Mean Std. Data Mean Std. Data Mean Std. Data Mean Std.
Class Points Density Dev. Points Density Dev. Points Density Dev, Points Density Dev.
1 2312 1.253  +.172 1602 0.350 +.202 1734 0,744 +,108 | 1554 0.234%  +,226
2 355 1,221 .14 283 0.273 +.206 309 0,762 +.09] 229 0.291  +.256
3 536 1.219  +.220 193 0.108 +.17% 380 0.760 +.112 372 0.324  +.,276
b 855  1.221  +.172 681  0.270 +,198 815  0.748  +.102 703 0.286 +.220
5 97 1.312 +.150 35 0.184 +,183 78 0.555  +.191 77 0.001  +.100
6 139 1.238  +.209 36 0.202 +,120 129  0.678  +.158 127 0.056  +.133
7 joké 1,185 +.213 665 0,174 +,167 893  0.562  +.183 883 -0,012  +.129
8 52 1,132 +.230 35 0.283 +.272 52 0.506 +.181 53 0.084  +.19]
3 350 1.202  +.185 210 0.23L4 +174 294 0.657 - +.223 289 0.165 +.212
10 32 1.374  +.073 ' 23 0.555  +.219 " 25 0.2hh 4,170
i1 553 i.110 +.189 493 0,430 +.291 306  0.626 +.189 531 0.090 +.156
12 43 1.Ab21 +.219 18 0.561 +.422 3 0.766  +.066 35  0.287  +.175
13 3 1.460  +,020 38 0.831  +.247 3 0.850 +.289
Total 6373 ' L255 5psh 4881
Normalized data. Red density minus clear density (white light).
2Pine - 1 Crops - 5§ ' Abandoned - 9 Clear water - 13
Mixed - 2 Plowed field - & Orchard - 10 : '
Bottomland hardwood - 3 Pasture - 7 Urban - 11
Upland hardwood - 4 dle - 8 Turbid water - {2



Some interesting trends can be seen when one coﬁpares film density
by season (Figure 6). For instance, forest classes have the highest
normalized densities in early summer and the lowest in the winter. |
This occurs in both the red and green densities, but the trend is
reversed in the blue density. Note that clear watef shows the highest
“density on all fouf seasons. These and other interesting reversal
patterns may be useful for di5cfiminating among the land use classes
by season. However, the ;rends shown in the graph should be viewed
only as }elétive differences because the density signatures have not
been qorrecfed for film sensitivity and Eosition vériations. - Moreover,
the film/filter combinations used on all missions were not always the
same.

Before automate& sygtems for scanning aerial or space photo-
“graphs can be of benefit to forest resource managers, algorithms must
be developed to correct %ilm densities for unwanted system variations,
Research must continue téward this goél while we continue to test and
develop computer classification techniques. The latter must be done
on carefully selected areas near the photograph nadir where variations

will be minimal.

RECOMMENDED USES OF PHOTOGRAFHIC IMAGERY IN FORESTRY

Although automatioh of photo interpretation and the use of electronic
mul tispectral scanners show promise for the future, it will be several
yearé be fore they are perfected for fdrestry use. Even then, a skilled

photd interpfeter will be required as an interface with the machine.
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-What can foresters do while these bigger and better instruments
are being perfetted? One of the greatest challenges facing the forest
inventory specialist today is to perfect and exploit the concept of
multistage ”sampl{ng. ThIs'concept usually entails the use of one of
more levels of photography to providé increasingly more refined
information to satisfy the requirements of the inventory. Even one
level of up~to~date photographic information can improve sampling
efficiency over that of out-of-date poor photégraphy, or no photo~
graphy at all,

§e}ectihg the best scale or scales and the best film 6r films

to provide the required information will be extremely important.
There are a number of photo image characteristics that are either
interpreted or measured which should be consfdered; These are grouped
for convenieﬁce into four categories: (1) land use, (2) stand volume,

- (3) cover type, and (k) forest disturbance. Each of these categories
is important in extensive forest invenéoriés. An ability to determine
land use leads to accurate forest area_estiﬁates and forest area
changes; stand volume is used to stfatify the forest to reduce sampling
variability; cover types are important for management decisions; loca-
ting forest disturbances will make it possible to updéte forest
statistics between inventories. These categories and the image charac-
teristics that we feel will lead to their interpretation are tabulated

below:
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- CLASSIFICATION CATEGORY PHOTO CHARACTERISTIC

1. Land use - a. ground cover

b. physiography
T _ c. surfagg characteristics
d.” roéds énd man-made features
~e. streams and lakes
2;7 Stand volume a. stand height
| | b. mean cfown diameter

c. crown closure
d. cro@n'a}ea
é. number of trees
f. sfand area

'3. Cover type . a. tree species

| b. understory

€. ground cover
d. soil moisfure

L. Forest disturbance a. roads and man-made features
b. -crown-closure
c. . mbrtality
d. .gfound cover

e. surface characteristics

Certainly all of these characteristics can be identified or mea-
sured to some degree on aerial photographs. However, not all of them
can be resolved on 1:20,000 scale panchromatic photographs currently

used in the Southeastern United States for forest and land use
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classificatioh. -For instance, except for éxtensive homogeneous
stands, tree sbecies cannot be identified 66'1:20,000 scale panchro-
matic photographs. However, large-scale color photography will
enable the traihed'inﬁerpreter to identify 80.to 90 pércent of the
trees by species even Iin mixed stands.. Panchrématfc photography
cannot berrelfed on to detect soil moisture, But becéhsa water
 absorbs infrafed rédiation and résults in dark }mages,:CIR film eﬁ-
ables the interpreter to detect soil moisture diffefencgs and follow
stream courses fhrough forested areas by both vege;ation.and soil
~color differences. Soils with a high moisture level appear blue-
graf on CIR filmi This characteristic holds true from almost any
altitude incluaing from Spagelorbit. This meritorious quaiity of
. CIR %ilm can be extended even into stand classification:on scales
smaller than 1:20,000 because this film is superior for atmospheric
haze penefratibn. |

Let's look é little closer at fhé general effectiveness ﬁf three
commonly used film types by four arbitrary scale classifications
(Table 6). This comparison is made by using-the four categories and
12 photo characteristics that were discussed prequusly. Al though
this is admittediy a subjective demonstfation, it nevertheless indi-
cates what one mfght expéct to map from different type§ and scales of
imagery.

There is little doubt fhat tree species and ofher measures of
cover type can be interpreted best on large-scale color ﬁhotographs.

Subtle shades of green and yellow-green, and crown margins and branching
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Table 6. The predicted relative accuracy by forest classification category, photo characteristic, scale,

and fiim type.

Classification
Category or
Characteristic

LAND USE

Ground cover

Phys iography

Roads

Streams and
lakes

STAND VOLUME

Stand height
Crown closure
No. of trees
Stand area

COVER TYPE

Unders tory
Tree species
Soil moisture

FOREST
DIS TURBANCE

Mortality
Surface char-
acteristics

Large Scale Medium Scale _ Smail Scale Microscale
"1:1,000-1:4,000 1:8,000-1:24,000 - 1:30,000-1:90,000 1:100,000-1:500,000
Resolution: > Im Resolutien: lm-3m Resolution: .3m-10m Resolution: 10m-30m
Pan Color] CIR2 Pan Color CIR Pan Color CIR Pan Color CIR

Relative Accuracy
X X X / X X J / X % ¥ X
/ X Y . Y Y * v Y i * v
Y v ¢ X X X % X X y Y v
4 Y Y X X % y Y X Vv v
v v Y X X X y v X - - X
X X X v v Y ! % - - -
x x x J / / * % * - - -
b4 X X v v }/ . ES ‘/ e - V/
X X X v Y v 3 & v -= - -
X X X /7 7 N
% X X v X X - % v %* * v
- ¥ - - v ~— - -- - - - -
v X v - 2 - - - - - - -
/ / X b2 . e X - -— X - - Vr
X X X " X % % X - - J/
% X X - Y X - % Y - ~— %
X A X l/ 1/ '/ e \/ - - “

Ektachrome 50~397

2

'Ektachrome Infrared (2443)



characteristics are quite visible at thgs scaie. Although panchro-
matic and CIR can be useful at large scales, a. heaithy human eye is
better able tordiscriminate between shades of true color than between
shades of gra? or false co1of. |

'Stand, or trée.volumes, can be estiméted best on }afge-scalé
photographs It has been said that intnrpreters who are véfy familiar
with the timber in their area can estimate stand- hetghts on large-
scale photos within reasonable timlits. Certainly paraliax measurements
for stand and tnee heights, as well as measurements of crown diameter,
crown closure, and number of ‘trees cén be made most precisely. More-
over, these large-scale photographs are usually taken on a 70 mm
format {2-1/4 x 2-1/4 lnches) and require foresters tp use only the
simplest of interpretation dévices - nocket stefeoscopes, parallax
wedges, dot grids, and crown diameter scales.

Medium-scale photographs are sfi1l the most qsefu! from the
standpoint of vefsatility in resource surveys. They are good for s tand
volume and cover types, but they are probably best for land use classi-
fication, stream and lake surveys, soils and soil mofsture, and tree
mortalify Normal color (NC) and CIR fIlms are far superior Lo panchro-
matic film as far as ;nformatlonal content is concerned

Small-scaie photography by our standards has a rather wlde range --
. l 230,000 to 1:90,000, DeSpnte the small size of the images, it has been
our experience that scales w:thln this range provide almost the same
amount of information on CIR film (Figure 7). However, thlS should be

qualified by adding that magnifying stereoscopes (1.5X to 9% magnification)
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Figure 7. Most .information on 1: 15,840 scale panchromatic photographs
is also found on small-scale CIR photographs: (A) 1:32,000 and
'(B) 1:60,000. These black-and-white photos were enlarged 2 times from

the original CIR transparencies.
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must be used to bring out this information. For the Southeastern United
States, we have been able to map broad timber stand-size classes, forest
types, ground cover, ground condition, soil moisture, roads, streams and
lakes, land use, qnd physiography using these photographic scalés.

Now let's look at microscale photography. We define microscale
photography as having images so Small.thét they must be'interpreted
using a magnifying viewér or a stereo microscope. A magnifying viewer
would be the preferred instrument if stand delineation is one of the
inventory goals. Furthetrmore, at thesé scales there is little advan-
tage in using stereo coverage. For this reason, simpler devices such
as thé projection vigwer shown in Figure 2 can be used.

In the Southeastern United States, CIR is the most effective
film for land use and forest classification at microscales. Again,
the‘improvement in discrimination is because CIR film penetrates atmos-
pheric haze better than other films, Figure 8 inditatesrthe extent to
which broad forest type, land use, roads, streams and lakes can be

"identified on 1:120,000 and 1:420,000 scale high-altitude photography
taken 'in November 1971.

Selecting the best season for photography will usually be a
compromise between what is available and the type of information being
sought. Weather conditions will often be a controlling factor when one
is faced with obtaining photography during tﬁe preferred.season.

Certainly the type of information required is the most important
factor in selecting season. Hunter and Bird (1971) claim that vege--

tation in the northern temperate zone is interpreted best on early
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Figure 8. Imagery such as this example of 1:120,000 (left) and
1:420,000 scale (right) CIR will provide almost all of the infor-
mation found on small and medium scales. These photographs were
enlarged 2 times from the original CIR.
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spring infrared photography before deciduous foliage ;overs the ground.
They also claim that fall, when deciduous tree foliage increases in
reflectance and coniferous tree foliage decreases in reflectance, is
ancther good time for vegetation interpretation, We won't deny this;
however, in the Sdﬁtheastern Ug;fed States we found that on high-
altitude CIR photography, the hest beriod for differentiating broad
forest types was from late November to early Abri]. This was because
the background (ground cover) was important for differentiating betwéen
upland deciduous and bottomland deciduous types. Soil moistﬁre, organic
matter;'and gurfaég water were the influencing factors hére. During
thé period of fﬁll leaf QEveIOpment, it was almost impossible_tu
differehfiate;fﬁeSg two types except by associétion with physiogfaphy.
qule:? shows by seasdﬁs, land use, and broad vegetation types some
general ihpressions from‘interpféting'high~a1titude 11420,600, 1:120,000,
aﬁd 1:60,000 scalé CIR.photééraphy. |

‘:'if the fésource in#entory specialist is concerned with detecting
ménjade distufbances in the forest, the best season is probably when
de;i&U6us folfagé ié-nearly mature. Of the three seasons in Table 7,
late spring to early summer and late summér are probably the best.
late fall to early spring, after foliage has dropped, can only be
rated as fair. Cuttings, fires, hardwood conversion areas, and defoli-
“ation by natural causes will not be apparent during this beriod.
Figure 9 shows how two 1:420,000 scale CIR photographs taken two years
apart might be used to detect disturbances in a forest environment.

In sumﬁary, high-altitude photography can be extremely useful for

gathering forest resource information. It can be used for accurate
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Table 7. Comparison of relative accuracies expected in classifying
forest and nonforest categories by season of photegraphy on small-
scale and microscale imagery.

Late summer- Late fall- - Late spring-
early fall early spring early summer
Sept. 1- - Nov. 15- May 15-
~ CATEGORY - Oct. 15 Apr. 15 June 15
Pine ) ' X o X ‘ ' ..X_
Mixed pine/ : : o
Hardwood : v o X - Y
Upland hardwood * _ X o x
Bottomland _
hardwood * X *
Agriculture * Y X
Pasture _ % Y X
Urban - X X X
Water o X v

X - excellent
Y - good
* - fair
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forest area estimates, to stratify forest cover types, to monitor changes
_iﬁ the forest areé, and to detect disturbances in the forest that may
affect timber volume and growth; Hoﬁever, the cost advantages of high-
altitude‘photogfabhy are not easy to derive because the operational
costs of a reﬁource survey aircraft program would have to be determined
by the number of potential users. One cost-benefit anélysis was des-
cribed by Katz (1969), Using conservative fiéures for the use of a
fleet of 10 Boeing 707 jets; Katz showed a cést of $0.43 per square

mite ($0.17 per square kilometer). This figure was based upon the |
coverage of a 48.3-kilometer (30-mile) swath with a High—resolﬁtion
panoramic camera.and several other sensors. When.these figures are

used to estimate cost based on a 24,1- kllometer (15-mite) swath wlrh

a 23~ x 23-cm {9- x 9~ |nch) format mapping camera, the cost is increased
to $1.12 per square mile ($0.44 per square kilometer). This figure is
compared befbw with.the estimated'ﬁost of 1:20,000 scale U.S. Department
of Agriculture panchroﬁafic prints for'one ?orest Sufvey unit in north-

central Georgia of 2.5 million hectares (6.3 miilion acres).

Type of o No. of Cost per Cost per = Total
Photography Mission Photos Sq. Mile Sq. Km, Cost
.1:20,000 pan U,5.D.A. 5 .
prints Contract 2500 $0.30 $0.12  § 3,125
1:120,000 Boeing 707. .

CIR film Earth Resources 80 $1.12 $0.44  $11,021
L

The Forest Survey purchases photographic prints from the Agricul-
ture Stabilization and Conservation Service, U.S. Department of Agri-
culture. Thus, cost estimates do not include aircraft_costs and costs '
‘that are-involvea in a contract photo operét{on.

5$I.25 per photo. Alternaté_photos in all flight lines.
. 7 ‘



The reduced number of photographs and the increased amount of infor-

mation should be given serious consideration when comparing these

costs. HOWEger, only a comparative test will show whether there are

enough gains to justify the additional cost. Eventually, we may be

required to pay this added cost to provide the information required

for all levels of management decisions.

‘.
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CLASSIFICATION OF LAND USE BY AUTCMATED PROCEDURES
by |

Nancy X. Norick and Marilyn Wilkes

Efforts continued during 1972 to deveIOp and test automated tech-
niques for classifying forest and nonforest land uses in the Atlanta,
Georgia, test site (217). This year ou; efforts have taken a new
direction. Instead of using data from one-dimensional microdensitom-
eter scans along a line as reported in 1971] (Nbrick and Wilkes, 1971),
we are now using two-dimensional scans of an extensiﬁé area. Also,
instead of using only super#ised pattern récognitibn techniques, i.e.,
faking half of a random sample for a training set to develop discrim-

“inant functions and using the other half for a test set, we are now
__using‘a combination of both ;upervised and un5upefv35ed methods. The
unsupervised algorithms find ways of clustering picture elements or
sets of picture elements into spectrally and/or spaciélly similar
groups fndependent of land classes. The ciusters, or strata, are then
classified according to land class attributes. The object is to find
clustering algorithms that consistently separate the land and forest
types of interest,

An area representing ;pproximately 732 meters (200" feet) by 1.6
kilometers (one mile} on the ground was locatgd on a color‘infrared
(CIR) photograph and analyzed extensively. The data were from 1:120,000
scale CIR (2u43) film taken dur}ng Earth Resources Aircraft Program

RB-S? Mission 19). Figure 1A shows a color-coded map made from this
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Figure 1. These map representations for a small area near Carrollton,
Georgia, illustrate how unsupervised pattern recognition techniques can
stratify forest and nonforest land use classes: (A) a map of ground con-
ditions drawn from an enlarged 1:120,000 scale CIR photograph (photo
date - Nov. 11, 1971), (B) a computer map using 16 three-dimensional
rectangles formad using a clustering algorithm based upon the empirical
multivariate distribution of red minus clear, blue minus clear, and green
minus clear densities, and (C) a color-coded legend for (B) showing the
16 three-dimensional rectangles. The overlay on (A) is a first attempt

; to automatically locate boundaries between areas of dissimilar types.

‘;) Identical points on the photo map (A) and the .computer map (B) are

connected by lines for orientation. Note that the computer map is exagger-
ated by a factor of two in the vertical direction.

U GR =9 t Um o2 a8
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film by a photo interpreter. The same piece of film was then scanned
by an automatic scanning microdensitometer with red, blue, green, and
clear filters (white light). The Photometric Data‘Systems microdensi to-

meter was set to an aperture diameter of 56 micrometers and was programmed

~—

to collecp data at 54-micrometér intervals in both the x and y direcffons.
A matrix of lﬁllx 236 of thesé picture elemeﬁts was used in the area
analysis, | ‘

The First ;Iustering algori thm u;ed inm our anaiysis was basad'upon‘
" the empirical multivariate distribution of red minus E]ear, blue minus
clear,'énd green minus clear densities. An explanatioﬁ of this distribu-
tion was repofted last year {Norick and Wilkes, IQ?}). The range of red
minus clear was divided into 4 intervals. The intervals were determined -
so that each héd approximately one-fourth of the observations in it.
The ranges of the other two densities were divided into 2 intervals
each at the approximate me&ians of their marginal distributions. Each
triad of intervals ~- one from each color -= forms a three-dimens ional
rectangle. For example, —183‘<R-C_i—13; -105 <B~C'£»3; and -113 <G-C_114'
forms one rectangle (densities are measured hefe 0n a scale from d to
1023). There are 16 possible rectangles for this configuration
(4 intervals x 2 intervals x 2 intervals = 16). AN picture elements
failing into a given rectangle were given one of 16 symbols. These
symbols were printed out by computer (Figure 1B} and color coded according
"to the color scheme in Figure IC,

A comﬁarisan of Figure 1A and Figure 1B indicates that differéht

forest and nonforest classes delineated by the photo interpreter do have
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runique representations in the color-coded‘éomputer printout, Thfs led

to the problem of automatically locating bOtharies between areas of
dissimilar types. The overlay on Figure 1B demonstrates our first

attempt atfthis. First, the multivariate means and covariances were
computed for cells of &4 x &4 picture {(density) elements. The Bhattacharyya
distance (Fukunaga, 1972) between cells was then calculated. A tﬁreshold
distance was set aﬁd all adjacent cells in rows-(across) and in célumns
(down) that were closer than this threshold distance were grouped
together. The resulting clusters are indicated on the template (Fig~

‘ure 1B) by black lines. Are%s where no clustering occurred are masked

out with solid Black. This method holds promise as a way of separating
forest and nonforest and some forest types.- Settihg a Iowér threshold -

. distance would make finer distinctions (more clusters). A higher
threshold would tend to group more units together (fewer clusters).

We are just beginning to search for the optimum vétue for separating
various types of land and vegetative elaSSes. Once we have found the
optimum threshold distance for separating ciasses, our next step will
be to compare clusters with the Bhattacharyya distance to clusters of
known types. A type map will result based on the k?nearest neighbor
rulé. Computer programs.are ﬁow befng written to do thfs. This research
will be continued and reported as part of_our Forest Service ERTS and

Skylab proposals.
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LAND USE CLASSIFICATION IN THE SOUTHEASTERN FOREST REGION

BY MULTISPECTRAL SCANNING AND COMPUTERIZED MAPPING!

by

F. P. Weber, R, C. Aldrich, F. G. Sadowskl, and F. J. Thomson

INTRODUCT 1 GN

A twofold challenge faces natural resource invgntory specialists in
the 1970's: (1) to develop a rapid c]assification‘system for following
. the dynamic changes affecting our Nation's resources and (2) to make thaé
system accurate and efficient enough to be cost-effective., Some scientists
believe, as we do, that such a system may well be an airborne multispectral
scanner (MS$) for collecting data coupled with a hybrid analog/digital
.computer for analyzing and Qisplaying the informafion gathered,

Past studies have shown that air photo interpretation used in combina-
tion with ground examinations can result iﬁ tand use and forest classifica-
tion accuracies of well over 80 percent -- even at photpgfaphic scales as
small as 1:420,000 (Aldrich, 1953; Aldrich and Greentree, 1972). But cur-
rent national standards require an accuracy of better than 95 percent in
the estimation of forest area on extensive forest inventories. Interpre-
tation of aerial photographs can provide Inventory estimates of this accu-

racy, but not without expending large amounts of time in photo preparations,

IThe results reported herein were presented by F. J. Thomson at the
8th international Symposium on Remote Sensing of Environment, Unfversity
of Michigan, on October 6, 1972, This paper will appear in the Proceedings

of that Symposium.
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tedious photo interpretation, and data handiing.

Since the eariy.1960's there has been extensive research on the
development of spectral signatures and pattern recognition theory in pro-
ces;ing multispectral data, Some of this work focused on forest resource
problems and has been conducted cooperqtively by the U.S. Forest Service,
U.$. National Aeronautics and Space Administration {NASA), and the Willow
Run Laboratories (WRL) of the University of Micﬁfgan (Weber, 1971), The
goal of this research has been to analyze, more quickly and accurately
than a human photo interpreter can, the large volume of airborne data gen-
erated by a multispectral scéanner. |

Several fnvestigators have studied the feasibflity of mapping classes
of terrain objects by using the spectral signature as representative of

the object (Burge and Brown, 1970; Erickson and Thomson, 1971; Kolipinski

et al,, 1969). Further studies in pattern recognition using maximum like-
lihood ratio processing have been accomplished on.both analog and digital

computers (Marshall et al., 1969; Na!ebka et al,, 1971). Weber and Polcyn
{1972) report applfcation of these methods in a forest stress classifica-

tion study.

Our study is similar to previous mu1ti59ectra1'proce;sing feasibilicy
étudies, with one important exception: Attention was centered on the
ability to.probess economically data sets of a useful size (i.e,, 42
square km} by using the same procedure used on smaller data sets (i.e.,

10 square km). When we began to study large data sets, some of the variablés
which were ignored in the smajier sets used for feasibility studies céuld

no longer‘be'ignored.r Most Important of these variables are solar irradiance
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and atmgspheric path radiance and transmission. Furthermore, Qe considered
-wﬁether the signature from a single training set was truly representative
of all of that material in a large block of data. Solutions to these and
other problems wete crucial to the success of patter&‘recognition techniques
applied to multispectral data. If the performance obtained in feasibility
studies cannof be extended to large data sets, the technique is not practi-
cal,

~ The University of Michigan's Willow Run Laboratorié§ have done a large
amount‘of theoretical work to determine the nature of, and to attempt to
compensate for, changes in solar irradiance and atmo;pherid conditions,
'Becausé such qhénges directly affect the data, techniques have been devised
to correct raleSS data-before processing (Nalepké et al., 1971; Malila et
al., 1971). Theoreticé] study of these effects is béfng pursued with médels
(Suits et al., 1972; furner et al., 1971};

In this study we apﬁlied breprocessing theory tb compensate for effects

of atmosphere and changing solar irradiance., We uged §3gnatures from one
of four parallel, overtapping flight iines to clgssify'data on all four
lines. Compensation for solar irradiance changes in:the morning data was
ﬁade by diylding'all data by the sun sensor signal level, Tﬁus, this study
‘was not only a feasibillty study of mapping important land use categories
but also tested the ability to extend the utility of spec;ral signatures
collected from one run to:three additional runs made éhoftly before or
after the first.

- This paper reports a test of multispectral scaﬁning of two hZ-Square;

km sites near Atlanta, Georgia. The purposes of the test were: (1) to.
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prepare land use (forest and nonforest) maps with estimates of use, by
terrain ciasses; and (2) to determine the accuracy of class signatures
developed on a single training flight for classifying data on four adja-
cent flight lines (signature egfénsion). -

DATA COLLECTION

Within e;cﬁ test block a small area with features representatidé of
the block was selected fqr ground instrumentation. fwo sets of data were
to be collected within each block =- one in the early ﬁorning and one at
midday.

Data collection bégan at about 1330 hours (local sun time) November 3,
1971, at Block 2 (Figure 1). The University of Michigan's multispectral
C-47 alrcraft flew four paralie! flight lines at an éltitude of 3,450
meters (m) .

A second flight was made over.B!ock 2 thé next morning, starting at
about 0300 hoqrs. After successfully completing the work in Block‘z, we
moved to Block 4. The first data set in Block‘h was completed on the
afternoon of November 4. The next morning, cbmmencing at about 0930 hours,
we col?ected the last of the four ground and aircraft muitispectral data
sets. On November 7, the U.S. Forest Service's Aero Commander photographed
Blocks 2 and 4 with color infrared (CIR) ftim at a photo scale of 1:35,000.

‘While the Michigan aircraft was collecting data, men on the ground,
who had two-way radio contact with the plane, were also co]iecting data.
Solar radiation was measured by a portable pyrheliograph at the ground
site. Two men in a 'cherry picker'" (Figure 2) collected data on spectral
irradiance of several landscape targets, such és'conifers, hardwoods ,

+ pastures, transitional fields, and water. They also measured target net
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ORIENTATION OF FLIGHT LINES
N

Block 4 Block 2
Morning Mid=~day

Figure 1. UPPER PHOTO: These two 42-square-km test sites were used in

the study. B8lock 2 is 96 km south of Atlanta, and Block 4 is 73 km west
of Atlanta. LOWER PHOTO: Flight lines were oriented as shown for eariy
morning, 0900 hours (Block 4}, and midday, 1200 hours (Block 2), flights.
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Figure 2. Researcher is shown in a cherry picker above the test site mea-
suring the spectral radiance of vegetation with a 4-channel spectrometer,
Ground data were collected as a coordinated effort with the ai borne MSS
flights to provide baseline calibration data used during multispectral
processing.
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radiation and ref!écted solar radiation. 6Uring the period November 3
to 5, a two-man ground crew Inspected about 50 percent of both blocks and
recorded ground classificatién data.

‘ MICHIGAN MULTISPECTRAL SCANNER SYSTEM

Hasell (1972) has described the canstrucfion details of the Michigan
M-7 scanner used iﬁ this study.‘ in the past wé had used earlier Qersions_
of it which were double-ended and multipathed to achieve multispectrél
sensing in forest resource probiems. Analysis of thg déta had strongly
_indicated the fequirement for a multispectral scanner to prodﬂce simulta-
‘neously registered data covering the bandwidfh 0.4 to 13.5 micrometers (um)
in select narrowband increments (Weber and ?olcyn, f972).' Our study in
. the Southeastern Unitgd States provided the first oﬁportunity fo test the
‘merits of multispectral data collected with a truly single-line-of-sight

scanner.

DATA PROCESSING

In this study we used both the digital and analog computing facilities,
To produce the land use maps, a pattern classificatlion technique known as
the maximum likelihood ratio was applled to the spdctra1 signature data we
obtained. And to insure the fairest test of signatﬁre extension, careful
preparatjon of the raw MﬁS taped data was required (Nalepka and Thomson,
1972). In particular, we had to compensate for variations in spectral sig-
natures that depehded on observed scan angle. The four optimum channels

for classifying land use classes were identified by digital computer
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anql&sis. This analysis was done before preparation of recpgnftion méps
on a hybrid dIgital/analpg-computer. Additional digital analysis was
conducted after the recognition maps were prepared to identify causes of
some misclaséificaéions in data collected in early morning.
DATA PROCESSING HARDWARE |

" The digital computer we used was a CDC 16QQB with 16k-48bit words of
‘storage. Associated with the computer are eight 7-track, 200 bpi digital
tape drives and a special-purpose analog/digital and djgital/analog inter-
face. A multispectral analysis computer prégram was deve]cped to conveft
analog scanner data to digitai,.display-them, quantffy variation in spec~
-tral signatures, compensate for these variations, and prepare recognition
maps using the suﬁerﬁised-learning, maximum—likelihood-ratio classifier
(Erickson and Thomson, 1971),

The SPectral Analysis Recognition Computer (SPARC) system is a paral-
lel-organized sfstem designed to implement likelihood ratio classiflcation
of multispectral data-at real-time rates., The system consists of an analog
tape recorder, suitable interface gear, a préprocesspr, the computer itself,
70 mm film printing, and CRT display équipment. It can classify data atl
about 80,000 décisions per second and prepare 70 mm filmstrip recognition

‘héps at the same time.

Because of its parallel organization, SPARC can\uée only a limited
number of channels and training sets. Any combination of channels and
land use classes whose product is 48 or less can be used. In this study
we used four-éhannels and 12 training sets,

SPARC operates in two modes ~-- training and operational; The machine

is programmgd to recognize land use classes in the training mode. An
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operator enters samples of data from training sets ana a statistical
description of each training set. Thus, each class to be recognized must
be represented by at least one fraining set within SPARC. Once training
has been completed, the operational phase begins. Unknown data are clas~
sified by using thé likelihood ;éfié as a measure of similarity of scene-
poiﬁt spectral signatures to those 6f the training sets, Recognition maps
of each class ére printed on 70 mm film. To depict an entire scene,'the
number of fi]mstfips must equal the number of training sets.

The 70 mm recognition maps may be individually ana]yzéd by overlaying
each maﬁ with conyentional video filmstrips. The individual maps can also
be color coded and combined into a mosaic by means of the color ozalid
process, The color ozalld approach was used for this study.

| PROCESSING EFFORT |

Experimental Plan

Two dataAéets were defined by the principal investigator for proces-
sing -~ the 1200 hours flight of Block 2 on November 3 and the 0500 hours
flight of 8lock 4 on November &4,

Each of the two h2~square~km blocks was processed separately. One
of the four parallel flight lines from each block was digitized initially,
The lines selected were line #3 from Block 2 and line 14 from Blockih.
These lines provide& the best selection of'training areas fo} the land
" use recognition classes desiréd. The objective of the diéital work was
to identify angle correction‘functjons and determine optimum spectfal
channels for use in the analog processing. Once determined, the results

were applied to the remaining three flight lines in each respective block.
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Signatures of representative areas %or éa;h land use category were
programmed into the SPARC énd recognltion obtaiﬁed. Signatufes trained
on flight lines 43 and 14, respectively, then were played on the three
remaining fliéht lings of the corresponding block as a test of signature
extension capébiiities. We hypothesized that uniform color coding of
resufts and the mosaicking of adjacent flight Tines'for each block would
result in reliable aréa-recognition maps of good geometric fidelity.

Processing'Effort - Block 2

Digital Work

ﬁata from flight line 43 w;re digitized by using a tomputerlprogram
called A2F3 that reads analﬁg data in an analog/digital converter and
”smooths“ the data by averaging from 3 to 15 consecutive scan lines into
a2 single composfté scen line. Program A2F3 also repacks the data jnto
the standard digital tape format and writes the resuiting scan lines as
records on digital tape. Thus, it producgs finished‘ready-to-process dig-
ital data from analog data in a single step. |

The data were digitfzéd us{ng 2.5 milliradians pef resolution element,
and eight consecutive scan lines were "smoothed." Each resultant digital
element, therefore, represented an effective ground resolution patch size
of 7;6 m x 7ﬂ6 m which close}y approximates the minlmum scanner resolution
capability at an altitude of 3,048 m, 7

All 12 MSS channels were digitized simultaneously, except for the
near infrared channel of 2,0 to 2.6 um thch was rendere& unusable owing .
to cross-coupling of signals from the adjacent thermal channel,

A program called GRAYMAP produced a digital printout of a red channel
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(0.62 to 0.70 um). It divides the signal range of a selected channel into
séven intervals and assigns a unique typewriter symbol of decreasing den-
sity to six of the intervals, with the seventh left blank. The digital
elements on the tape are then scaﬂned consecutively, point by point and
line by iine. The value of each element is classified into the appropriate
interval, and- the corresponding symbol is assigned. A printout of the.
results yields a maplike presentation in whicH tone gradations a}e repre-
sented by symbbls of varying density so that'llght-toned-areas appear
white and dafk—toned areas appear black. Numbers priﬁted along the top
and down one side allow for a coordinate reference system useful for
locating specific points. Such a map provides a visual display with which
to check the merits of the digitization process and to locate training
areas for signature extraction.

Before processing can continue, the digitized data must.be calibrated
to some reference, all cHannels brought into registratibn,‘and the dynamic
range scaled, These three steps are tékeniby using the programs AUTOCAL
and CSD which: (1) clamp the voltage levels from Inside the scanner hous=-
ing to zero. (This enables all radiation inputs from the scene and cali-
brati&n sources to.be referenced to a uniform minimﬁm voltage level.);

(2) deskew signals from adjacent wavelength infervals. {Owing to slight
misalignments of tape recorder and playback heads; signal; from adjacent
channe]s may not be properly registered. Consequently, signalé in two
widely separated channels on the tape may appear to pome‘from the same
data‘poTnt although actually arising from two different data points. Sﬁﬁh.

misregistration is termed "skew" and must be corrected.); and (3) scale
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‘the voltage levels in each channel to make optimum use of the dynamic
range available and prevent loss of signal due to overshoot,

Once the data were correc;ed, the variations in observed radiance
were identified by fhe program ;EORNQ. These variations occur because
 the angle of observation changes as each shaq line is traced across the
scene, The reéult is vérying magni tudes of.path‘rad§an§e due to Qa;ying
path leﬁgths or'Qariations, or both, in bidirectional reflectance of the
scene components, Compensations for such variations are made By averaging
the variation of scene radiance with scan angle over the fength of the
flight line and by generating second-degree fuﬁctions which define the
varlation with scan angle for each channel.

The program NUDATA then normalizes the digital dafa by subtracting
or multiplying the. daﬁa-by the coefficients orf the functions‘ calculated
‘in ACORN4., The coefficients were also later used oh‘the préprocessor of
the SPARC systeh. |

After the data were nérmalized, the analysis to determine the peffor-
mance of the spectral channels in separating the tand uses of interest was
begun. Training areas, originally designated on 1:35,000 scale C]R photog-
'raphy, weré locatedron the digital graymap. Rectangles were_drawn within
the bounds of each training area, and the line and point numbers of the
four corners then ldentified the area for signature extraction by the pro-
gram |MPROVE. VIMPROVE was used to average the voltage levels within a
training area for each channel and print out the resulting mean and standard
deviation for each MSS channel along with a cov;riance matrix for all chan-
nels; The training signatures were computed from either individual area or

from a combination of several separate areas,
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Eight land use classes -~ four forest and four nonforest -- had orig-
inally been designated for recognition and classification. These classes

are as follows:

. Forest : Nonforest
Conifers , Agricul;ure
Upland hardwood : Pasture
Bottomland hardwood Water

" Undeclded Transitional

Analysis of the resulting spectral signatures indicated significant varia-
bitity within two of the nonforest categé?ies -- ﬁgricuiture and pasture.
'ATherefore, we decided that additional land use categories would have to

be designated to obtain significant recognition rgsults. Agriculture and
' pasfure were each &ivided iﬁto three subcategories, and the resulting
classification scheme became: |

Forest Ndnforest

Conifers ' '. Row crops

Upland hardwood _ . Bare soi 1
Bottomland hardwood Orchard
Qndecided | !mprovéd‘pasture

01d pasture
Pasture
Water
.Transitioﬁal
The signatures computed by IMPROVE were used to determine the optlmum

channels for use on the SPARC system, Optimum channels are those 5pectral
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regions which are most useful in discriminating the training areas. Since
12 tand use classes were now selected for recognition on the SPARC, only
the four best channels,rinstead of the original eight, could be used (the
“product of land use classes and channels cannot exceed 48). _

The program STEPLIN computes the Average Pairwise Probability of Mis-
classification (APPM) for each channel for a]!_possible pairs of signatures,
The channel having the lowest APPM Is selected as the best one. Next, the
program computes the APPM for all possible pairs of channels given the
best channel, Agatn, the channel! with the iowest APPM is selected and
becomes the second best channel. Then the program computes the APPM for-
all triples'of channels given the best pair., This process is repeated
until all channels are classified.

The first four channels selected were-]JS to 1.8 um, 9.3 to 11.5 um,
1.0 to I.h‘um, and 0.4} to 0.49 ym. The fifth channel selected -~ the red
regioﬁ of 0.62 to 0.70 um -- had an aVeragebprobability of misclassifica- |
tion for all 12 categories fhat was only 0.3 percent hlﬁher than that of
the fourth channel selected, given the previous selection of the three
best channels {Table 1}. However, tHe red spectral region enhanced dis-
eriminafion between varying pasture conditions {(which constitute a signif-
jcant portion of the scene) and was ultimately used in place of the blue
channel,

It seemed useful at this point to create a digital recognltlon map
to determlne the adequacy of the 12- category/h-channel setup in recognizing
the scene. The program EXPLIN performed a linear approximation to the

maximum likelihood ratio decision rulé in classifying the digital data
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Obtimum Channel Selection Sequence for All 12 Cétegories of Block 2

ITERATION NUMBER

Spectral

_Channel 1 2 3 4 5 6 7 8 | 9 10 1

70.#1-0.48 um §0.1130 0.0597 0.0151  0.0093%

0.46-0,49 Qm 0.1324  0,0398 | 0.0185  0.0118  0.0086  0.0065 0.0056 i 0.0051  0.0049  0.0045  0,0042%

O.Sb-O.SQ.um 0.1198  0.038¢  0.0179  0.0109  0,0083 . 0.0063  0,0055  0.0050%

0.52-0.57 um }0.1165  0.0340  0.0167 - 0.0105  0.0080,  0.0059% f
< 0.55-0.60 um {0,0987 0.033] 0.0189  0.0122  0,0087  0.0067  0,0056  0,0052  0,00k46*

0.58-0.64 um F0.0959  0.0329  0.0197  0.0127 0;008; 0.0068  0,0055  0.0051  0,0047  0.004k*

0.62-0.7b um }0.1004 . 0,032%  0,0197  0.0126  0,0073%
© 0.67-0,94 um §0.2026  0.0323  0.0178  0.0129  0.0089 0;0067 6,odsh*~

1.0 =1.5 um J0.1575  0.0325  0.01ko* |
.fi.s -i.8 um | 0,0514%
u-9.3--11.5 pm § 0.1389  0.0226%

*Indicates the lowest average pairwise probability of misclassification for each iteration,
first, 9.3 to 11,5 second, 1.0 to I,k third, etc.

Thus, the 1.5 to 1.8 was



| o
points. The resultant signal levels on the output tape represented the
recognition of various categoeries with an additional level for an unrecog-
nized category to avoid numercus false classifications; Typewriter sth
bo{s were assigned té éach sfgna1 level with a blank designated for the
unrecognized category. A computer printout of signal levels resulted in
the digital recognition map. Color coding of various groups of cateéories
was achieved by printing only a subget of signal levels for a particular
color of printer ribbon. Each time the data were processed the co@putef/
printer ribboﬁs were changed, and another subset of levels was printed,
The resuTting land classification map consisted of four colors ;nd three
‘tones, |
Analog Work

for analog processing the preprocessor unit was programﬁed with fhe
ACORNA4-derived angle-correction coefficients., A singlé representative
area for each land use_classlwas identified on f!igﬁt tine 43 of B]éck 2.
tn the digital program, it was possible to lump several training areas |
together-and obtain a composite signature for a land use class, But the
analog program does not have this capability; Each akea-must be "trained"
separately; therefore, 1t was important to-piék areas which were most
representative of the category, | _

SPARC tfaining required that a duﬁiicate aﬁalog tape (thch had been
deskewed) be cut into sections, each section containing all of the data
from a flight line. Each tape section was made into a continuous Toop,
and the loops then played on a conventional tape recorder with a loop

-adaptor, The SPARC operator viewed the loop on a real-time, C-scan
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display. Each time the loop recycled, the scene was répeated on the C-
scan. This repetitive display of the tape data containing the training
areas pérmitted braékéting each training set with horizontal and vertical
electronic gating'mechanisms so that only signals from £he training area
were sent éo the SPARC. The mean, standard deviation, and covariance for
each of the digitally selected optimum channels were entered into SPARC.
When all channels had been trained on the fifst Set,-the next training
‘set was gated in and the channels trained in-like manher. When all train-
ing sets had beéﬁ programmed, the training phase of.SPARC recognition was
completed, | |

| In an effort to guarantee that all 12 land use.classes were programmed
accurately, a Euclidean distance decision rule (Nalepka et al., 1971) was
used to recognizé training sets, The critér}on for acceptable training of
Feach set involved recognitioﬁ of at least 90 percent of the area within
the set. In applying the Euclidean di;tancg rule, wélspecified a threshold
and identified all points whose probability density fﬁnction (pdf} values
exceeded it, All points whose pdf values fell below the threshold were
not identified, Recognition result§ were quantified with a high-speed
‘digital counter which tallied the number of points (resolution elements)
idenfified as tHe target of interest. Percent recognition was the ﬁumber
of points counted as recognition for the target compared.to the total
number of points in the gated tralning set. |

The operational phase of the SPARC recognftion ﬁrocess involved pi$y~

ing another copy of the original analog tape through the tape recorder in

standard fashion. Each time the tape was played, one of the tand use
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classes was recognized. As each scene point on the tape was reached, a
likelihood ratio was computed, _a.nd a decision was made as to whether the
point resembled the target. |!f so, SPARC put out a re;ognitién signal,
and the high-speed counter reﬁorded the tally. The recognition signal was
prinfed on 70 mm film moving past a rapid liné-Scanning cathode ray tube.
This process Eontinued on a fealltime basis until all scene points were
classified. |

When all 12 recognition strips for flight line 43 were complete, the h
operational phase of the SPARC work was repeated for-éach-of the three
remaining flight lines in Block 2 as a test of ''signature extension.'
'Preprocessing coefficients and signature settingslremained unchanged from
flight 1ine 43. Geometric corrections were made to all flight lines to
insure as uniform an aspect rétio as possible. Scanner angular distor-
tion was corrected with the use of a tangent fun;tidn, and forward scale
was standardiiéd for all lines within each block,

Each set of recognition sirips for a particulaf flight line was color
coded by using an ozalid process., The individual color separations were
then overlaid and registered to form an ozalid "'sandwich.'" Each sandwich
was photographed to create a color-coded recognition map of each flight
tine. The resulting four photographs were finally mosaicked to creaté a
color-coded recognition map for the entire block (Figure 3).thch was
comﬁared in the analysis with the ground truth map for Block 2 {Figure 4).

Processing Effort - Block &

Digital Work

Data from Block 4 were processed in much tﬁe same ‘way as those from
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The ground truth map for Block 2 is shown.

A comparison of

this map with the SPARC-produced map of Figure 3 will give the reader

a feeling for the accuracy of the SPARC classification.
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Block 2. Line 14 was processed digitally to obtain optimum channels and
preprocessing coefficients for use on the SPARC. The reflective infrared
channel éf 1.5 to 1.8 um was not available for this data set since it had
been assigned to the same ma]fungtioning preamplifier that rendered the
2.0 to 2.6 um channel unusable for ﬁlock 2. This was unfortuﬁate since
it was the 1.5 to 1.8 um channel which had been the best channel for dis-
criminating the various categories in Block 2.

Angle correetion functions were again iﬂentified and used to nérma]ize
both the digitized data and the analog data of all four.flfght lines. .
Eleveﬁ signatures were derived from the digitized data to correspond with
like‘land use categories recognized in Block 2. {An "orchards" category
does not appear in Block 4.) | |

For this data set, cptfmum channels were determined for each of three
pdstulated classification problems in an attempt to identify channels most
useful in discriminating the more dominant scene coﬁponents from each |
other (i.e., forests and pastures). The cases consideréd were: (1) all
11 land use categories, (2) the four forest categories, and (3) the four
forest and three pasture categories (Table 2). The thermal channel (9.3
to 11.5 pm) was not used in the selection process, He-judged that the use’
of thermal data collected in the morning would resuit in poor signature
extension because 6% the rapid change in terrain feaﬁure_temperature.
Channel selection for the SPARC work was based on an ability to discrimi-
nate well in al& three classification problems. The four channels selected
were 0.52 to 0,57 um, 0.58 to 0.64 ym, 0.62 to 0.70 uym, and 2.0 to 2.6 um,

Although the channel 0.%1 to 0.48 um berformed well in discriminating the
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Table 2.
Three Postulated Classification Problems for Block 4

ITERATION NUMBER

Optimum Channel Selection Sequence for Each of

1 2 3 b 5 6 7 8 9 10
ALL 11 LAND USE CATEGORIES
Spectral A ,
Channel 0.58-0.64 2.0-2,6 0.67-0.94 0.62-0.70 0.41-0.48 1.0-1,4 0.52-0.57 0.55-0.60 0.46-0.49 0.50-0.54
(um) .
APPM* 0.1238 0.0711 - 0.04h4 0.0326 0.0251 0.0210 0.0185 0,0179 0.0172 0.0166
FOUR FOREST CATEGORIES
Spectral .
Channe]l 0.41-0.48 0.58-0.64 1.0-1,4 2.0-2,6 0.62-0,70 0.,67-0.9% 0.,52-0.57 0,4-0,49 0,55-0,60 0.50-0,54
(um) '
APPM* 0.2056 0.1620 0.1383 0.1277 0,108 0.1007 0.0955 0.0921 0.0896 0.0877
s FOUR FOREST AND THREE PASTURE CATEGOR!ES
Spectral ‘ ' ' '
Channel 0.52-0,57 0.41-0.48 0.58-0.64  2.0-2.6 0.62~0.70 1.0-1.4 0.67-0.94 0.46~0.49 0.50-0.54 0,55-0,60
(pm) ' ' :
APPM* 0. 1408 0.0919 ‘0.07]0 0.0574 0,0&63 ‘10,0390 0.0355 0.63%3 0.0332 0,0323

5APPM i5 average pairwise probability of misclassification



various forest and pasture categories, it was rejécted on the.basis of
inordinate nolse on duplicated tape for SPARC. The 1.0 to 1.4 um channel
also had to be rejected due to excessive signal overshoot caused by a mal-
functioning-preamplifier durfng the flight.
| Analog Work

The use of a different set of channels and data collected at a dif-
ferent time of.dayAnecessitated some changes Tn.the classificatiﬁn scheme
developed for Block 2 during the training phase of the SPARC work. For
example, differentiating between upland and bottomland hérdwoods was not
.possible in Block 2 althougH it was attempted, Aréas typed on the 1:35,000
scale(CfR photography as mixed conifer/hardwocod had a multispectral signa-
ture so simi]ar to that of pﬁre coni fers th%f the two had £o be combined
. for effactive recognitlion. Areas deslignated as row crops on the photog~
raphy were Indistinguishable from pastures. We decided that two signatures
were required for acceptable water recognition -- one for clear deep water
and a second for the muddier,‘sha1low ponds. An additlonal signature was
used for each of the transitional and improved pasture qategofies to mini-
mize the variability within these categories,

Thus, Tn all, eight categories were programmed into the SPARC computer

representing these land uses in Block 4:

Foregt Nonforest -
~Conifers . Improved pasture.
Hérdwoods 0ld pasture
- Pasture
Bare soil
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1£2£§§£ Nonforest
Water
Trangitionai

Recognitfon st;ips were then printed for each of the eight categories
in line 14, Signature extension, color coding of recognition strips, énd |
mosaickingof-fhe flight lines were done slmilar}y-to Biock 2.

Further Digital Analysis - Block 4

Additioﬁal processing of Block % was necessary to investigate the
reasons for variable recognitlon results obtalned during the signature
extension work. As initially processed, qngie correction functioné
derived during the digital processing.of line 14 (the jast line flown)
were applied to all the flight lines for the SPARC recognition procedure. .
Although the application of uniform correction.functiohs to successive
lines of data may be acceptable for midday periods, whether such correc-
tions are reliable in early morning s%thgtion;, when iVlumination level
and sun angle are cﬁanging kapidly, was. not certain., (Block 4 was flown
at 0912 hours local time, with the time interval between the start of line
11 and the end of line 14 being 31 miﬁutes.) |

Flight lines 11, 12,'and 13 were digitized, clamped, scaled, and
.deskewed for fhe optimum channel; used to process line 14, Average scan
lines for each flight line in-each channel were then plotted. Examination
éf the curves‘suggested two possible causes for the Slight change in rec-
ognition that was shown from line 14 to each of fhe earlier lines -- chanée
in illumination level and change iﬁ angle effects. | |

Owing to limited time and funding, additional SPARC prdcessing was
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restricted to line 12, {llumination change was assessed by noting the

_ signal level at the peak of the‘aircraft sun sensor pulse in each ﬁhannel
tn lines 12 and 14, Such a pulse appears in every reflective channel on
every scan line of the data. .jE is the result of incident illuminatfon

- on the top of the aircraft being Ifansmitted through a flat opal glass

port about 8 inches in diameter. The radiation is directed into the

scanner housing where it is reco}ded on é;éh suéceséive revolutidn of the
sganner collectiné optics, The resultant siénal pulse is available.for
use as some measure of incident illumination level during the flight.
Signal levels for line 12 were lower than for line 14 as followé:

50.52 to 0,57 um IO.SB to 0,64 um §0.62 to 0.70 um [ 2.0 to 2.6 ;m

ss(l‘inc 12) 0.8

}'n3 ]o3 1 | | |-l) ; 1
« 92,8 . o 86.6% = = B8, 8% = 83, 7%
SS(Iine 14) }.h , ifS 0.9 1.6

in which $S is the peak voltage of the sun sensor for the line indicated.
We decided to fncrease the gain in each of the channel% for line 12 as a
means of compensating for the lower illumination level present at the time
the data were recorded. Gains were increased by eIeQating the peaks of the

sun sensor by these amounts:

Spectral Channel %Z Increase
0.52 to 0.57 um | 7.2
0.58 to 0.64 um 13,4
0.62 to 0.70 ym a2
2,0 to 2.6 um 5.3.

Recognition strips of line 12 were then printed and area counts obtained
for each of the signatures as trained on line 14,

A change in angle effects was also deemed important as & potential
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source of error.. The nonuniformity of gignél_én either side of nadir
seemed to increase as zenith angle increased (f.e., with decreas}ng line
number). The calﬁulation of zenith angle for each of the two lines can
account for s;me.variations In angle effects across the scene, considering
the magnitude of the zenith angles (65.62° for line 14 and 68.80° for

1ine 12}, | |

Coefficienés for usé in normalizing the average scan lines were
derived digitally with the program ACORNL for line 12 as had been done for
line 14, The preprocessor of the SPARC was then configured with the coef-
ficients, aﬁd‘recogﬁition strihs for line 12 were again printed.

Finally, a set of recognition strips was printed and area céunts
obtained employing both of the corrections. The re;ulting SPARC mosaic
‘compesite (Figure 5) was compared to the color-coded ground truth map
(Figure 6). 7 ,

COMPARISON OF SPARC MOéAIC WITH CIR PHOTOS AND GROUND TRUTH

A fechnique was developed to compére SPARC-produced color-coded
mosaics made.from multispectral scanner data with maps made by interpre-
tation of 1:35,000 scalé CIR photographs and ground checks of over 50
percent of the classifications. A systematic dot gfid (10 dots per
square inch) was placed over the land use map of eacﬁ of the two blocks
drawn to a scale of 1:35,000 and the numbered points listed by the clas-
sification within which they fell. There were 490 Oflﬁhese pointg that
fell within the boundaries of Block 2 and 458 points that fell wfthin the
boundaries of Block 4 (Tables 3 and 4). Each photographic sample point

in Block 2 represents about 7 hectares (17.5 acres), whereas in Block &

[
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Figure 5. The final SPARC color-coded recognition map for Block 4 is
shown here with the 8 land use classes indicated.




Figure 6.
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: The ground truth map for Block 4 is shown_here.
of this map with the SPARC-produced map in Figure 5 will give the reader

A comparison

a.feeling for the accuracy of the Block 2 SPARC classification,
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Table 3.

Scene Compositi0n in Block 2 By
Photo Interpretation/Ground Survey and SPARC

Area, by lLand Use

Land Number of ClR/éhotO/Ground

Classification Photo Points’ Survey SPARC
Pine o 20.4 rereent = 3.7
Pine/hardwood -- - 15,4

mi xture
Ubland hardwaod 20 h;i 27.8
Bottomland hardwood 8g 18.2 6.0
Agriculture 70 14,3 7.8
Pasture 118 241 28.0
Transitional 20 b0 .3.5
Orchard 16 3.3 i.6
Urban 50 10.2 5.3
Water 7 l.k1 0.9
TOTAL 490 .100,0 100.0
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Table 4. Scene Composition in Block 4
by Photo Interpretation/Ground Survey and SPARC

” ,
) "Area,rby Land Use

: Lénd : ' .Number of CIR/Photo/Ground
Classification Photo Points Survey SPARC
: b b Pefcent ------- =
Pine 135 , 29.5 _ 37.8
Hardwood o 9 21.0 . 285
Agriculture - 36 : _ 7.9 ‘ 2f2
Pasture S 106 23.1 19.7
4Trans!tlonal. ' 28 ,'- 6.1 ‘: | h 5.9
Urban S s 9.8 W3
Water | 12 : 2.6 _ 1.6
TOTAL 458 _ | 100.0 100.0
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each point represents 8 hectares (20.5 acres).

Nexf, we selected 20 points at random from each land.class (except
orchards and water) recorded in each test block -- a total of 171 points.
These sample points were used tqrpheck the MSS imagery as displayed on the
' SPARC mosaics. In Block 2 we could identify only 16 orchard samples on
the photo pbint;, and only seven points fell in water, We found an addi-
tional eight points to represent water and finished’withAa total of 15
samples. Block h-had no orchards; thus, thi§ class was ﬁot a factof in
this block. Oﬁly 12 points were in the-water class, but efght additional
samples were found to supplement these.

Templateé were made to show the location of 171 peints in Block 2
and 160 points in Block 4. The coior-coded filﬁ transparency of each
multispectfal scanner mosaic was placed in an enlarging projector-viewer
aéd scaled to the 1:35,000 scale of the photo/ground sﬁrvey map. Since
there was geometric distortion throughout the MSS5 mosaics, the scale was
adjusted. for best fit while we checked sections of the mﬁsaic. The-tem-
plate of polnt locations was placed over the projected image-and keyed to
the 1:35,000 photo/ground survey map. With the images poinciding‘as
nearly as possible each point was examined and the MSS classification
recorded.. |

RESULTS
BLOCK 2 - MIDDAY FLIGHT

Twelve-Category Recognition of Flight Line 43

As originally deéigned, the eight-category recognition scheme for

Block 2 would have allowed for the use of six waveband channels on the
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SPARC, However, the gfeat amount ofrvariabflity noted in the signatures
of two of the categories (pasture and agriculture) necessitated the crea-
-tion of six categories to replace the intended two. The effect was to
reduce the nﬁmber of channels for use in the recognition effort. This
limitation was not considéred to be significant becausé of some previous
experiences in mQItISpectral recognition studies. The AFPM decreased
rapidly as the Firsf few channels were selected %or use (Table 1). The
APPM assoclated with the use of a fifth channel after the four most optimum
have been selected was already léss than 1 percent for all caﬁes, The
reduction in classification error from the fouf— to the six-channel case
was not more than 0,35 percent. Thus, the increase in APPM is minimal
especially.when.more training sets are used oﬂ SPARC with féwer.channels;
A qualitative coﬁparison,gf the SPARC color-coded recognition for

flight line 43 with the type~mapped CIR photograph revealed geﬁerally good
recognition., Areas typed on the photo as being row crops, bare soil, and
water seemed to be accurately identified. Forested areas are well differ-
entiated frgm nonforested areas. Within forested areas, large dense coni=
fér plantaﬁiéns are solidly recognized. Some éonfusion exists aroﬁnd edges
of plantations and with small clumps of conifers in that bottomland hard-
woods and mixed conifer/hardwood forest categories seem to mask the coni-
fer's signature, Within hardwood areas, the predominant recognition seems
to be of upland hardwoods, with bottomltand hardwoods and mixed cénifer/
hardwood categorfes being somewhat more selective. Whether this situation
- portrays the actual site conditions or is the result of slightly different

signature settings on the SPARC is difficult to say.
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Pastures show the extreme variability that necessitatéd the creaéion
of three subcategories.during the digital processing. With few exceptions,
pasture recognition is ﬁharacterized by all three of the pasture signatures
within the same field Eoundary. Szveral sizable fié]ds in the center of
the southern half of the flight line have ]ittle or no recognition.

’

Although no significant difference between fhese fields and others in the
area can be detected on the photography, they'seem.to be unique Spectraliy.
During the tralhing phase of SPARC work, training wés.éttempted in this
area, but the reSﬁ]ting signature was very poor in reéognlzing other areas
in the scene, so the training area was moved. A few.smaller pastures are
recognized as row crops. This is not surprising, considering the time of
year and the 5Imilarity between mowed hay fields aﬁd "browned-out!' pastures.
Orchards vary widely in appearance on the photography, ranging froﬁ
peach and pecan seedlings with bare soll Backgrounds to mature trees wi th
pasture~like backgrounds. The training area for the'okchards category was
placed in a young orchard {not the seedling stage) wf;ﬁ a predominantly
bare soil backgfound. Other similar brchards wefe recognized, but mature
orchards were understandably classified as upland hardwoods and very young
orﬁhards as bare soil.
Transitionél areaé are spotty in recognition, with much competition
‘between them and upland hardwoods. Water areas were recognized accurately
except for one unrecognizahle small pond in the center of.the line. The
véry light tone of this pond on the photograph: is probably indicative of
heavy sediment content to the extent that the spectral signature is signff*

icantly different from the "water'! signéture trained on the SPARC.
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ln several areas on the SPARC map, low-lying regions of pastures, row
crops, and orchards illustrate changes in recognition from the immediate
surrounding regions. Many of the same. areas shdw tone changes in recogni-
tion from the immediate surrounding regions. Many of the same areas show
tone changes'on_the photography but no changes in texture or pattern,
indicating sﬁectral variation as a possible consequence of soil moisture
conditions. Thus, in the case of automated classification of many land
use categories, some of which are only slightly different from each other,
it appears that soll moisture conditions adversely affect the accuracy of
correct identification.

Signature Extension of Block 2

Recognition for signatures trained on flight line 43 was extended to
line 44 flown after line 43 aﬁd the two lines, 42 and b, flown before 43,
From a qualitative viewpoint, recognition of land use categories showed
~only slight change in comparison to line 43, Transitional areas seemed to
be more solidly recognized -- both east and west of line 43 -- although
we do not know why. Recognition within hardwood areas appears to decline
somewhat on the two earlier flight lines, with bottomland hardwood recog-
nition noticeably lacking on line Ll. On the signature extension, pastures
seemed to be classified into only the "improved!' or ‘olg" categories on
}ines 42 and 41. Very little "pasture" appears on these two lines.

lﬁ comparing results from SPARC and from the photo/ground survey for
Block 2, we found that 75 of the sample points orrkh percent were correctly
classified (Table 5). The class with the greatest accuracy was pasture --

85 percent of the points in pasture were correctly classified, but 18 points
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Table 5. Accuracy of SPARC Classificatien
As Determined by Photographic Sample Point Analysis

Land Classification Classification Accuracy | Commission Errors
Number of ' ' Number of
Points Percent . Points
BLOCK 2
Pine i 20 N
~ Bottomland hardwood 10 - 50 ' 20
Upland hardwood N . ss . 35
Agriculture | 10 50 3
Pasture2 7 - — 17 85 : _ 18
Transitional .'_ 0 0 SR I
Orchard? N 2 BT’ = 0
Urban® - 12 . 60 e 14
Water® ‘g 60 ' 4
ALL CLASSES 75 Lk 96
- BLOCK 4 .
Pine o 16 80 20
Hardwood o 24 60 ' -_ 19
Agriculture _ ' 3 , 15 . 2
Pasture6 18 90 B 18
Transitional 9 Lg _
Urban o 15 75 1
Water ) 12 60 ‘ ' B
ALL CLASSES 97 61 63

lFourth forest category, "mixed pine/hardwood" was not cbnsfdered‘in analysis
Zlncludes all three categories of pastures

3Insufficient number of points to obtain 20 samples; 16 used

“Unclassified areas considered urban

Sinsufficient number of points to obtain 20 samples; 15 used

6Includes both categories of pasture
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were cgl!éd pastﬁre when they were actually something else (i.e., the mis-
classifications were commission errors). The class that showed the poorest
result was transitional agriculture =~ abandoned agriculture returning to
forest., In this case én]y one point was correct, Therg were no commission
errors., Of the forest classes, pine (conifer) was correctly.classified on
29 percent of the point samples, with one commission error. Bottomland and
upland hardwoods were ciaséified correctly 50 and 55 percent of the time,
EespectiVely, but with a high number of commissioﬁ errors.’
These results suggest the need to reconcile the additional SPARC clas-
sification of mixed conifer/hardwood. SPARC was trained to classify only
the pure pine plantations as conifer; whereas pines growing in association
with hardwoods were recognized as a mixed conifer/hardwéod category., |f we
combined the conifer category with the conifer/hérdwood category, we would
total 19.1 percent (SPARC) as compared to 20.4 percent {photo point analysis).
As indicated previously, SPARC area counts for each category were tabu-
lated with the high-speed digital counterlgs recognition strips were printed.
Recognition was therefore expressed on a quantitative basis as well as illus~
trated graphically. Table 3 indicates the scene composition of Block 2 on a
percent basis, comparing SPARC classificafion with photographic point classi=~
fication., Due to the extensive overlap between MSS flight lines, most of
the scene was included more than once when totaling recognition for each‘cate-
gory over all four flight lines. However, since total srea was also included
more than once, percentages for the entire block would not be far off if it
is assumed that recognition in any oné flight line is uniform over that line

and objects recognized are uniformly distributed.
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“Bigital and SPARC Map Comparisons

A brief comparison of the digital recognition fesults for flight

line 43 was made with the SPARC results, Their differences were:

Program EXPLIN “
'WATER:
Excellent recognition

CONIFERS, BOTTOMLAND HARDWOODS,
MIXED:

© Geod separation of conifers

from hardwoods.

UPLAND HARDWOODS, TRANSITION:
Proper classification of
transitional areas.

ORCHARDS:
Seem to span_a broad signa-

. ture. Young orchards are well-
recognized and portions of bare
soil, row crops, and sparse
pasture areas are also classi-
fied as orchards. 01ld
orchards classified as hard-
woods,

ROW CROPS:

Most row crop areas have some
indication of proper recogni-
~ tion, but entire areas are not
‘solidly recognized. Rather
much row crop area is classi-
fied as orchards, transition,
bare soil, and unrecognized

categories,

BARE SOIL:
Many bare soil areas classi-
fied as orchards.,

PASTURES: _
Much less improved pasture
recoghition, '‘Pasture'!

e

SPARC

Good recognition -- 1 pond missed.
Some perimeters of smaller ponds

.missed,

Some conifer areas classified as
bottomland hardwoods or undecided
forest, .

Too much classification of tran-
sitlonal areas as upland hardwoods.

Seem to be a more stringent sig-
nature. Young orchards are spotty
In. recognition while not many
other areas are classified as
orchards, 0ld orchards classified
as bhardwoods,

Good recognition

Good recognition

Considerably improved pasture
recognition



Program EXPLIN : SPARC
PASTURES (cont'd): |
category increases. Some
portions of fields which
were recognized by SPARC
are not recognized by
EXPLIN. -

Overall it appears that EXPLIN was best at classifying the water,
trénéition, and four forest categories. SPARC did better with the orchards,
row crops, and bare soil categories. A judgment concerning pasture recog-
nition must be withheld because subcategories of pastures were not typed
on the 1:35,000 scale CIR photograph used for ground truth information.

BLOCK 4 - MORNING FLIGHT

Eight-Category Recognition of Flight Line 14

The absence of the 1.5 to 1.8 um waveband channel made it difficult:
A.to dffferentiate_between-upland and bottomland forest or between mixed
conifer/hardwood forest and conifers during the SPARC‘training phase of
Block 4, MNot only had this channel been the best for discriminating all
tand use categories in Block 2, but it had been particuiar]y effective in
separating the four forest categories from each othef;' The fact that the
chénne]s-o.hl to 0,48 ym and 1.0 to 1.4 um were unavailable for use also
contributed to the recognition difficulties and the resultant decrease in
number of categories.

A qualitafive compariéon of the SPARC color-coded.recognition for
flight line 14 was again made with the type-mapped CIR photograph. Areas-
of ‘conifers, hardwoods, bare soil, water, and fransition seemed t6 be
accurately recognized. Shadows along tree lines were prominent due to.the

low sun angle. Many of them were recognized as water, Such recognition
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may be related to thé existence of early morning fros£ which was known to
have been preset;tt. | -

Many pasture areas in flight line 14 are not weli recognized, again
pointing out the extreme variability of these areas. |Increased pasture
recogni tion coﬁld brobably have been obtained in both blocks with the
addition of more training areas,

A different type of quantitative assessment of recognition reliability
on flight linerlh‘was made as an additional-experimeht to test an dbjective
methéd for reporting recognition results, Line 14 providéd a good oppot-
tunity to make'such a test since the various categories of iand use were
fairly well distributed throughout the scene. Moreover, the frequency of
each category pefmftted the selection of several fést.areas.

Using the typed CIR phbtograph, we selected areas which appeared simi-
lar to the eight land use classes for which SPARC was trained. Three areas
per class were defined, approximately 2,500 m2 in slze. Areas u§ed for
training signatures were not selected, A gate was placéd in each of the
selected areas, and the appropriate signature was played on the SPARC.
Recognition of the area within the gaté was recorded in terms of the area
count rggistered on the high-speéd digital countér. -Percent recogn?tion
was obtained by dividing the number of correctly recognized points by the
| total area count éf the training area (Table 6).

-Good performance In_this test requires that the test areas be accurately‘
typed on the pﬁbtograph. And areas selected within each cafegory should be
spectrally representative of the class,’ Areaﬁ of con[fers and bare soil

show high recognition because they satisfy both of these requirements,
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Table 6. Quantitative Analysis of SPARC Recognition Accuracy for
Test Areas in Line 14, Black 4, by Comparison to Photographic Inspection

‘ Percent
~ Test Avrea T ‘ o Recognition

Conifers (1) I , T o 98,0
Conifers .(2) S - 98,7
Conifers (3) : : _ K 87.4
Mean : | L
Hardwoods (1) - 86,3
Hardwoods (2) : 78.3
Hardwoods (3) ' - . 68.9
Mean _ - ) 77.8
Improved pasture (1) 77.6
Improved pasture (2) : , = 59.8
Improved pasture (3) - T
Mean . N o ‘ 177
01d pasture (1) o a 72.3
01d pasture (2) : : - B8.5

0ld pasture (3) o 35.4
 Mean . . . . 65,4
Pasture (1) ‘ 874
Pasture (2) _ ' 90,6
Pasture (3) 8.9

Mean . : 62,2
Bare soil (1) Y
Bare soil (2) ' j o 85.3
Bare soil (3) | _ 87.9
Mean | . 90,2
Water (1) | | | L 19.7
Water (2} - ' , 74.2
Water (3) ‘ ' o 93.7
Mean - ' | 82,5
Transition (1) _ 56,4
Transition (2) - 0.6
Transition (3) 141
HMean . ’ B 23.7
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Hardwoods and water sﬁow slightly less rehognition because of some inher=
ent spectral variability between test areag'and the trained areas, Ponds
have obvious tone differences on the photograph owing to depth and sedi~
ment content. And deciducus forest areas do not manifest the smooth, con-
tinuous canopy that conifers do,

The medlocre accuracy achieved in attempting to c]assify the three
pasture categories can be attributed to the spéctral variability.inherent
in pasture areas in November and the failure of the_photographic type map
to recognize three separate categories of pasture. Test areas were
selected from the photo sclely on the basis of tone similarity to the
trained areas.

Low performance for "transitional' areas is mostly due to the great
 §pectraI variability from one area to the next. A difficulty encountered
in testing transitional areas was finding areas large enough in which to

' place a gate, Aéide_from the two large training areas used during ini-
t%al recognition work, otﬁer transitional areas are sﬁotty th appearance,
This difference made it difficult to get a high percentage of recognition
in any gated area, |

Signature Extension for Block 4 - Morning Flight

Table | indicates the scene composifion of Block 4 on a percent
basis. Several noticeable deviations from proper recognition were mani?
fested on each of the three earlier flight lines in Block b, The water,
transitional, and pasture categories showed changes, with the others -
showing little or no change.

Water recognition faded slightly on each earlier line; that is, ponds
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began to display less solid récognition. Small ponds on the earliest
fiight line were identified, but on the remaining lines onlylSO percent
were recognfzed at best. There was a significant increase in the recog-
nition of shadows ‘as water on each earlier flight line ~- a development
whfch dramatizes the rapidly changing sun angle,

Transitional areas actually became more and more misclassifigd as

- hardwoods on each earlier flight line. Most 5? these areas were small
fringe areas, However, large areas of transition continued to be cor-
rectly identified -- even on the earliest flight linefl

The recognition of pastures appeared to improve Qreatly on the three
earlier flight lines.

A comparison of the SéARC résults with the ground-gurvey showed thqt
there were fewér errors in Block 4 than in Block 2 (Table 5). For instance,
pasture again was classified with the greatest accurécy but with a high

_humber of commission errors -- 90 percent were correct, and there were 18
commission errors, The transitional class Qas correct 45 percent of the
time, with two commission errors. O0f the forest typés, pine was correct
80 percent of tﬁe time but with a high number of commission errofs. Come
biﬁed hardwood types were'correct at 60 percent of the pofnt samples, with
moderately high commissioh errors. |

The accuracies for water and urban areas seem to be rather cons:stent

.between the two test blocks according to the point sample analysis., Ffor.
instance, water was correct in 60 percent of the cases_on both blocks.

For the purpose of the point sample analysis, the urban class (towns,

highways, and other manmade features) was considered the same as the SPARC



unclassified area. Using this criterion, we found 60 and 75 percent
agreement on the urban classification for the two blocks. A large num-
ber of commission errors were found in Block 2 but only a few in Block k.

Additional Processing of Line 12, Block 4

Our atfempts to correct for changes in illumination and angle effects
on line 12 Qere inconclusive. In general, water recognition increased |
for each successive correction, However, the variation in recognition
was not uniform; that is, some ponds increased while others decreased in
recognition for each correction applied. The variation seemed to be inde-
pendent of p&nd location in the flight line.

A slight increase in the proper recognition of transitional areas
was noted with the correction for illumination Ievél._ However, the
improvement did not account sufficiently for all the trénsitionai areas
typed on the photograph.

For most categories, the correction for illumination level (both by
itself and fn combination with the correction for angle effects} resulted
in large, iandinate changes in recognition, However, the application cf
new preprocessing coefficients as a eorrection for var*ing angle effects
yvielded relatively small changes., In some cases the éhanges were barely
detectable; In others théy seemed to increase recognition accuracy sfightly.
_Exceptions included thé water and transition categories; water recognition
increased greatly to an acceptab]e level of accuracy, and transition recog-
nition declined instead of increasing. | ‘

These results suggesf that the correction-ﬁgr anglé effects owing to

sun angle change is a mofre important consideration than the correction for
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illumination levei, but some cautions ﬁust'be borne in mind.

First, the adjustment for angle effects on line 12 was done correctly
in thaf new coefficients were computed from the data. However, the obser-
vation that‘prompted.the correction was based on a comparison of data col-
lected over two flight linas of nonidentical terrain, The change in angle
effect suggested by the‘average scan lines may have been a consequence of
the terrainritsélf ~- the slight change in sun angle may have had little or
no effect.

Second, the assessment of, and adjustment for, change in illumination
]evei_may not have been corréct. That the sun sensor éccountéd fﬁr i1lumi-
nation change in the low sun angles is dqubtful for two reasons:

1. The projected area‘of the flat opal.glass surfacelexposed to the
"sun véries as‘the.cosine ofrthe illumination angle. ”At jow sun angles,
slight attitude changes caused by aircraft roll will have considerable

-effects on the exposed surface area of the sun sefsor.
2, The transmission of opal glass varies with angles of incidence
(Wiseman, 1969). | | |
- A more'accurate method of assessing illumination change would have
invo]Qed the use of a pyrheliograph and other ground-based data collected
at the time of the flightf |
MOSAIC QUALITY

Each block mosalc was assembled by standard photo-mosaickiﬁg proce-
dures. Sufficlent sidelap Eetween flight lines was insured during the
planning phase of data collection. All flight lines were flown in the

same direction so that crab angles, if any, would be constant for all
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runs, A standard proceséing functioﬁ involved correcting the data for
roll to prevent displacement of features a{dng the scén line.

The length of recognition strips for successive flight lines was
adjusted by using the first flight line processed for that block as a
standard., This effort to insure unifporm aspect ratio was corrected for
slight changes in aircraft speed (averaged over thé run) that occur from
one run to the ne#t. Any residual mismatch of.terrain features ﬁust be
attributed to random pitch and crab motions or speed variations of the
aircraft durlng the flight. The effect of these snght'chang'es in air-
craft attitude on data Eollécted from 10,000 ft is considerable. Witness
the mismatch of terrain features at the northern end of lines 42 and 41
in Block 2. SPARC mosaics_ﬁhow'obvious geoﬁetric distort}ons when com-
pared to the f£357000 scale CIR photography. This fact makes point com-
parisons difficult at best., However, errors introducéd from mosa}c dis-

tortions are clearly the type which can be improved on in future missions,

CONCLUSIONS AND RECOMMENDATIONS

At first glance the results of this feasibility test may appear to
be discouraging, buf they do afford some promising teads. This study
‘marked the first time multispectral scanner data were used to classify
forest type and land use on an area basis. And Qe did not expect to
solve all problems in one test., On the whole, the study demonstrated an
advancement in making terrain class maps by automatic data processing
methods. Signature extension from one flight line to the remaining three

was deemed reasonably successful. But it was not as successful for the

morning data as for the noon data.
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On the basis of the results, we concluded that:

1. Recognition of 12 categories (four forest, three pasture, bare
sofl, watér, row crop, orchafd, and transition) was possible by using
data collected near noon from Block 2. On Block-b data cellected in early
morning, eight-category recoénition seemea reasonable {two forest, three
pasture, water, bare soil? aﬁd transition). ‘The drop in the number of
discriminable classes can be attributed in part to tﬁe nonavai labi ity of
the 1.5 to 1.8 um channel. This channel was found best for discrimination
of hardwood forest categories.

2, Sbme deficiency in signature extension existed even after attempts
to correct.data for changes in irradiance (using sun sénsor) and for effects
of scan'angie'for each Iine.r This defiéiengy may be caused by imperfeét
estimates of scan angle vérfatfons,-which in turn afe caused by scene non-
homogeneity and by the poor diffusion provided by the sun sensor at the
low sun angles encountered in the morning data. More work is required to
. extend adequately signatures in morning data. Specific areas for sfudy
would include: (a) a better algorithm for applyiﬁg sun sensor corrections
and other ancillary information, (b} an improved sun sensor design, and
- (c) the use of atmospheric model results to cofrect prépfocessing‘data;

3. The quality of the mosaic of recognition maps is compromised by
uncertainties of aircraff ajtitude and velocity change, Uncertafnty in
these parameters directly affects both map qqajity and accuracy of point
location, Better gebmetric fidelity is required before %ofest managers
can accept classification data, by Ioca&ion. Improvements in knowledge

of aircraft parameters is required and should be immediately studied,
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4, oOptimum channels for the noon data include_é visible red, two
near infrared, and a thermal channel, This combination demonstrates the
utility of the single-aperture M-7 scanner which brought these bands
tog:zther for th.e first time‘in\_\ap operational airbonre multispectral
scanher, e |

5. Electronic classification using mult{spectrél scanner data is
new to forestry classification, and we recognize that the forest and non-
forest classes uged in the processing may nﬁt be the best for mu]tfspectral
recoghition. For this reason, our classifications should be reexamined
and redéfined, if necessary, to improve recognition accuracy.

Additional research is needed at all seasons to test and improve
techniques and classifications. fhe potential.for agtomatic processing
of airborne data,by.the means described in this report is moré promising,
however, than that of other means tried to date.
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THE USE OF AIRBORNE SPECTROMETERS
AND MULTISPECTRAL SCANNERS FOR PREVISUAL DETECTION
OF PONDEROSA PINE TREES UNDER STRESS FROM INSECTS AND DISEASES

\\\\\\ by

F. ;T‘Weber R

The culmination of seven years of research on the‘USe-bf multi-
spectral scanners (MSS) for previsual detection oflstress in conifer
trees was embodied in the May 1972 flight of the Universify of Mich~
igan'g‘M-7 scanner over the Black Hills test site (149). A summary
of prior years! events leading to this final mission is given in last
year's annual progress report (Weber, 1971).

In preparation for the_final NASA 5R8T-suppor£ed multispectral
flight mission over the Black Hitls, a suitable test site was lo-
cated and established in September 1971. Oﬁr criteridn for site
selection was to find an area where the bark beetle pOpqlatfon was
buildiné up, but an area which was not yet complicated by the presence
of many old infestations.. We fﬁund such an area eight kilometers south
of Lead, South Dakota, (Figure 1) which served the dual purpose of
providing ground truth informatjon for the conclusion of the SR&T
Mprogram and also for the transition info the ERTS~1 resaérch'program.

“ To prepare the test site for the multispectral flight, instruments
were installed to monitor biophysical and énvironmental phenomena which
were to provide baseline and calibration data fér the interpretation

of the aircraft data. A double tramway system was built to place
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Figure 1. The Black Hills multispectral scanner test site, which was
flown on May 24, 1972, by the University of Michigan's M-7 scanner is
located 8 kilometers south of Lead, South Dakota. The 3.2-square-

kilometer island of timber indicated by the arrow was the focal point

for the previsual stress detection study.
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instrumentg abo;e both healthy and bark beetle-attacked ponderosa pine.
The tramway instruments included an inverted pyranometer, net allwave
radiometer, radignt exitance flux plate, and a l-channel spectrometer.
Other instruments were deployed throughout the test site to measure
leaf temperatures, soil moisture, soil teﬁperature, wind speed, and
vapor pressure deficit. All instrumentation data were collected on a
Vidar 5403 digital data acquisition system for compu%er analysis,
Several important innovations were made for this MSS mission in
the Black Hills. Most important, this was the first application of
the new M-7 scanner for stress detection in conifer forésts. From
our previous reﬁearch, it was conciuded that previsual detection of
stress in forests could not be a rea!ity-until a single=-line-of=-sight
scanner was available which combined narrow wavelength bands spread
over a broad portion of the spectrum (Weber and Poleyn, 1972). The
M-7 scanner is such a device. Analysis of land use ﬁapping data
collected in the southeastern forest region (reportéd in Section I
herein) supports our beliefthat we finally have at our disposal the
prototype scanner for future operational forest applications.

VA second impotrtant iﬁnovation was the added capability of looking
at a narrow, deep-red spectral band (0.71 to 0.73 micrometers (um)
separately from the spéEtEometer portion of the scanner. This narrow
band of energy was recorded by sampling & part of the line-of-sight
energy directed to the thermal detector with a photomultiplier detector’
which received the energy from the normal path byrref]ection from a

dichroic mirrer. This new detector position in the M-7 Scanner was
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created at our request for the Black Hills test and permitted recording
the data of an essential narrow band without affecting the wavelength
sensitivity of the spectrometer bands,

A third innovation for the Black Hills mission was to position
the scanner into a L45° forward-looking oblique position on one flight
line flown at each time of day. This differeﬁt view of the side of
tree crowns with.respect to the angle of solar illumination might p}o-
vide a different possibility for previsual detection of stress. If
this prbves true, it would be in spite of the fact that the geocmetry
of the scanner imagery is severely distorted by having the scanner
operate without benefit of roll cbmpensation.

The May 1972 mission in the Black Hills was to be the finale of
éhe feasibility study to dgtermine the value of muitispectral scanners
for previsual detection of stress in conifer trees with existing equip-
ment technology. Because of the importance of this data, the exberiment
was designed to measure the effects of aircraft altitude and time of day
on the quality of the resulting data. Four parallel flight lines were
established running east to west for the morning test and, similarly,
three south to north lines were established for the midday flights'
(Figure 2). The mdrning midday missions were flown at two alttitudes --
458 meters (m) andl2,288 m; Alternate fiight lines were‘flown at the
higher altitudes whereas all flight lines were covered at the lower
altitudes,

Although a five-man field crew had worked for two weeks in early

May preparing the test site instrumentation, snow and general inclement
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Figure 2a. Flight lines 1-1 through I J
from east to west on the morning missi
L58 m above the ground. Flight lines

to west at an altitude of 2,288 m.

-k were flown (approximately)
onat a flight altitude of
1-2 and 1-4 were reflown east

Figure 2b.
south to nor
line 2-2 was
ground.

Flight lines 2-1 through 2-3 were flown (approximately) from
th on the midday mission at a flight altitude of 458 m, Flight
reflown south to north at an altitude of 2,288 m above the
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coﬁditions delayed the airborne mission for two days. However, weather
conditions during the test period followed a consistent pattern. Skies
were clear in early morning, with cumulus buildups beginning by mid-
ﬁorning. Rain, with occasional hail, was common by midday. Because
of the consistency of this weather pattern, it was decided to advance
the mission times by one hour for éach mission. On Thursday, May 25,‘
both the morning and midday missions were accomplished “in spfte of
several delays for the passage of clouds from the test site, Because
of the importance of the mission to attaining successful completion of
the research program, several flight lines were reflown to insure the
adequacy of the data.

During the first week of June, four wavglength bands of MSS imagery
were previewed at the Willow Rﬁn Laboratorie§ (WRL) in Ann Arbor, Michigan.
Although no anaiyses were-performed on the data, it was determined that _.
all 12 MSS channels were functioning properly and as a result several
good data sets were recorded, including at least one each from the s
morning and midday missions. It was further determined that the hybrid
band of 0.71 to 0;73 um contained exﬁelfent data which should contribute
‘substantially to the detection and recognition analysis. Dafa sets
resulting_from“the scanner flown in the 45° forward-looking oblique
showed definite promise for information extraction, and although there
is as yet no experience in processing this kind of information, that data
set should be analyzed.

Although our data have not been processad or analyzed to date, we

had a brief opportunity to ground check some ratio processing results of
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Black Hills data in August. These data were collected in May on the
same mission to the Black Hills and were a part of two long flight
lines flown over the northern Hills. Data processing was a joint ven-
ture of WRL and the.BureaQ gf“Mineﬁ, Denver. Enough data from those

two flighﬁ lines were ground checked so as toi(l) verify the quality of
‘the May 5caﬁner data and (2) establish the possibilit? that ratio
processing may be é big factor iﬁ previsual detecfion of stress in =
pondercsa pine forests.

It is unfortunate that the conclusion to the SR&T-supported multi-
5pe;tral scanner research cannot be written at this_time. However, this
effort came at the close of the program in a transition period of fiscal
austerity affecting both NASA and the Forest Ser#ice. As a result,
there has been no financial support for processing the multispectral
data. In the past, it has been the practiﬁe to fo!iow‘MSS data coilec~
tion contracts with MSS data processing contracts wftﬁ‘the University
of Michigan. This has not been the case, and the point Eas been
stalemated since May, with our final-data sitting in.the can. We hope

that this unfortunate situation can soon be resolved.
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TREND AND SPREAD OF BARK BEETLE INFESTATIONS IN THE BLACK HILLS
by
F. P. Weber, T. H. Waite, and R. C. Heller

An aerial photographic study of the trend and spread of the. moun-

tain pine beetle (Dendroctonus ponderosae Hopk.) in the Black Hills

of South Dakota has been conducted during the past several years under
the NASA SR&T program. Photo interpretation.data from this study have
provided valuable background information for our current ERTS-1 research
program on forest stress. For example, from studying aerial photographs
taken at different times of the year we now know that late August or
early September is the best time of year for ﬁaximum discrimination of
faded (discolored) bark beetle-attacked pinel This applies to medium-
and small-scale imagery whether obtained by high-flight aircraft or
spacecraft. Perhaps more important is the information gained on the
accuracy of infestatibn spot detection-on d}ffergnt scales of photography.
This accuracy is directly related to infestation size. For example, we
have been able to consisténtly identify all of the infestations larager
~than 30 meters {(m} in diameter on August photography at a scale of
-1:8,000{ However, oﬁ photography at a scale of 1:174,000 we could
identify only about 30 percent of the infestations 30 m in size. Of
course, on the larger scale photos (1:8,000), some infestations as small
as 5 m in diameter wére detected, but the accuracy was only 70 percent.
The knowledge of how scale and time of year affect photo'interpre-

tation accuracy has been valuable in designing our ERTS-1 stress detection
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experiment in tﬁe Black Hitls. From our study of‘ERTS~l fmagery we
pfimarily wish tc answer two questions with regard to stress detection:
(1) can the largest bark beetle infestations be mapped on ERTS-scale
imagery? and (2) what is théuminimum size infestation spot which can be
detected on ERTS imagery? We felt the answéré to these questions must
be forthCOm{ng before we could expand to a broad-area application of
earth observation satellite imagery for stress detection in forestsis

Throughout the SRET program we were unable to obtain good quality
RB~57 high-altitude photographic coverage of the Black Hills. This |
type of small-scale, large-area coverage was essential to the planning
and conduct of the ERTS-I éxperiment. As a substitute, we used the
Forest Service Aero Commander énd our Zeiss camera.system to photograph .
4,662 square km of the northérn Black Hills. in May 1972. Phato coveragé
was obtained with color infrared (CIR} film at a scale of 1:33,500.
~ As resource and planning photography, it served well for locating ERTS
training sites and test sets within the Black Hills ecosystem. In
addition, the May photography is being used in comparison with fall 1972
photography to calculate the current spread factor for the mountain
pine beetle epidemic,

On September 8,.1972,e}e0en townships (1,026 square km) of the
northern Hills were rephotographed with CIR at a scale of 1:32,000.
The 11-township area defines the extent of the current bark beetle
epidemic. The fall photography is being used to pinpoint the location

of all the current bark beetle infestations (in terms of current faders)
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and list them by size class and number of trees.l This information
is required as grouhd truth for the muttisPectral scanner tlights éf
May and September 1972 and also for the interpretation of any usable
1972 ERTS imagery.

' As an example of the bulldup and spread of the current bark beetle
epidemic within the 1l-township area, it is revealing to cbmpare the
aerial photographs (Figure IA and.lB) of the multispectral scanner
test site. This is the same 3.2-square-km MSS test site discussed in
the first part of Section II of this report. The area was selected a

year ago for the M3S previsual detection investigation because there
were few iﬁfestations in the area to complicate image interpretation.
From photo interpretation of the May 1972 photography, it was discovered
that there were 21 infestations which included a total of 139 trees
(Table 1). Tha largest spot was less than 50 m in diameter; it

should be kept in mind that the damage evaluation on the May photog-~
raphy resulted from attacks by the 1870 generatioﬁ of bark beetles.
Looking at the same test area on the aerial photography taken in
September 1972, we discovered 61 new infestations with a total of more
than 300 trees. This is about a twofold increase in infestations and
trees. The largest infestation (resulting from damage done by the 1971

generation of the beetle} was 100 m in diameter and included 47 trees,

]In the Black Hills, only one generation of bark beetles develops
in a 12-month period. For example, the 1970 generation began in August
1970 and matured in August 1971; however, the host trees did not discolor
until early summer 1971 and are called '‘current faders."
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Figure 1A. This CIR aerial photograph was taken on May 14, 1972, over
the Black Hills test site 149 (ERTS 226A) at a scale of 1:33,500. The
locations of the 1970 infestations are indicated by arrows on the photograph.

a scale of 1:32,000 over the Black Hills test site. The locations of the
1971 infestations are indicated by arrows on the photograph and should
be compared with Figure 1A to judge the spread of the bark beetle epidemic.
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Table 1. The spread of the mountain pine beetle epidemic from the 1970 to the 1971 beetle
generation is illustrated by a comparison of the photo interpretation results for the

3.2-square-km MSS study area from May and September 1972 photography.

Infestation Size
Less than 10 meters
10 to 25 meters
26 to 50 meters

51 to 100 meters

CIR PHOTOGRAPHY TAKEN IN 1972

MAY -

SEPTEMBER

Number of
Infestations

Total Number of
Infested Trees

Number of
Infestations

Total Number of
infested Trees

10 27
9 : 78

2 | 34

- -
e A —

21 - 139

46
8

I
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This is the same infestation which has been instrumented for our ERTS-1
DCP/biophysical investigation. The comparison of photo interpretation
results froﬁ May apd September CIR photography for tHe 3.2-square-km

s tudy area is shown in Table 1. .

Although the photo interpretation of the total 11-township area
for both the May and September.photography is not yét complete, Some
important trends are apparent now. The trend_establisﬁed with 70 percent
of the photo interpretation complete is a 3 to | populétion expansion
from 1970 to 1971 in terms of numbers of new infestations. By far the
greatest numbers of new infestations from the 1971 population contéin ,
less than 16 trees. Our past experience has been that in the second
year (1972) of an expanding epidemic there witl be considerable aggréga~ |
tion of beetle activity with the result of larger infestations. This
means that if the bark beetle epidemic continues as expected in the
northern Black Hills, there should be sufficient numbéfslof large'
infestations in evidence during the summer of 1973 to provide an excellent
deteétion test on the ERTS-! and Skylab imagery.

As further evidence of an expanding bark beetle infestation in the
northern Black Hills, we can look at some additionaj results of the
interpretatidnrﬁf the May and September 1972 shall-scale photography.

The data in Table 2 are for one township (93 square km) selected from
the 11-township epidemic area. This township (T.5IN. R.2E.) is in an
area considered by entomelogists to be the reservoir of beetles for the
expanding population. Perhaps- the most significant point revealed in

Table 2 is the apparent 3.3 to 1 blowhp factor in terms of numbers of
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Table 2. Expansion of the bark beetle epidemic in the northern Black

Hills is shown in the comparison of photo interpretation data of May
~and September 1972 for a critical 93-square-kilometer area (T.5IN. R.2E.)

Number of New Infestations

Infestation Size

Ratio-71/70

1970 PoPulation] 1971 Po_pulg;ion2

< 10 meters ' 61 262 4.3 to 1
10 to 25 meters 32 106 3;3 to |
26 to 50 meters 12 60 5.0 to !
51 to 100 meters - 6 | L6 7.7 to
100 to 300 meters 2 17 8.5 to 1
> 300 meters 2 2 1 _to ]

Total 115 493 4.3 to

1
Interpreted from the May 1972 1:33,500 scale CIR photography -

1971 fading trees.

2Interpreted from the September 1:32,000 scale CIR photography -

1972 fading trees.
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infestation spoﬁs inlthe size.class Il to 25 m. This is the infestation
size class which has been found to contain méSt of the dead trees
resulting from attacks during an expanding epidemic. '

A valuable benefit of the jong-term SR&T support.of ouf Qtudy on
forest stress‘has been to establish important trend information which
is needed to understand what is going to happen to a bark beetle
infes&ation. EntomﬁlOgists have been able to dé this with ground
survey data for some time, but the value of this study has been to
tie together entomological information on population dynamics with
new techniques developed for assessing beetle impact through the use
of aerial photography.

Through this continuing research prégrah, we have 1eaéned that
-previsual detection of bark beetle-attacked trées cannot be accomplished
wi th normal cclor.(NC) or CIR aerial photography. If there is to be
previsual detection, it must be done with multispectral scanners or
other sensors. However, we have considerable photo fﬁterpretation data
(from both large- and small-scale photography) which will now permit
us to optimize photo scale against interpretation errbrs, given a clear
definition of the objectives of the survey.‘ In terms of monitoring
beetle activity in the Blgck Hills, for example, this may require a
multistage survey with the need for such a survey established through
moni toring of ERTS-type multispectral imagery. The feasibility of
monitoring forest stress from an earth observation satellite remains Fé
be demonstrated in our ERTS~1 research program. In any .event (either

with or without ERTS), forest managers now have at their disposal methods
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for evaluating bark beetle activity, and- these method§ have resulted

directly from SRET-supported research.
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DETECTION OF ROOT DISEASE IMPACTS ON FOREST STANDS

BY SEQUENT!AL ORBITAL AND SUBORBITAL MULTISPECTRAL PHOTOGRAPHY

by
John F. Wear

 INTRODUCT 10N

Forest diseases create greater adverse‘impacf on the forest
resources of the United States than any other catastroPhlc agent
" including fire, Contan|ng timber losses over extens;ve forest areas

by'forest diseases are of great concern to earth resource managers.

: This study concerns Poria weirii root rot d:sease that at*acks value
able Douglas fir and hemlock trees in the Pac1f|c Northwest (Flgure I)
'm App:oxumately 170 mlllton board feet of tlmber in the PaCIf!C North—
i weat are destroyed or degradeu by tn:s root ro* ‘each year, (]), W|th
satlsfactory aerlal survey technlques to locate disease centers (Flgure
_.2), distressed tlmber nay be salvaged and management plans changed to
minimize further impact of forest disease on our valuable forest o
resources.

The following summarizes the past seven years of cooperative
effort by NASA's Earth Resources Survey Program and the U.S. Forest
Service in remote sensing tests and developments considered important
for discriminating root;rof infected Douglas fir trees from healthy
trees in the Pacific Northwest. The primary thrust of this remote
sensing project ﬁas to develop aerial sensing techniques that would
previsually identify centers of root-rot infection for eventual use

from suborbital aircraft and orbiting satellites.
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Figure 1. Merchantable stand of 50 year old Douglas fir '"rot thrown'
by Poria weirii root rot disease. Note typical decay pattern in pat-
tern in splintered stump. Disease disintegrates tree roots one foot
per year until tree falls or is windrthrown.'
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Figure 2. Distressed trees will continue to fall into the opening.
Salvage operations require knowledge on location of these centers.
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Three portlions of the e]ectromégnetic spectrum-cﬁnsidered to have
the best potential were the visible, reflective infrared, and thermal
infrared bands. To determine the best "window'" or band of the visible
spectrum to definé disease distressed trees from healthy trees, aerial
techniques were devised to collect branchlets from the tops of many
trees in each class (Figure 3). This efficient tree sampling tech-
nique was invented which incorporates a speciél oole pruner that cuts
and holds branchlets taken from the top of dohinant trees via heli-
copterﬁg} Many'fo]iar samples can be collected from many trees in a
short time without causing changes in foliage characteristics that
might affect reflectance curves. Spectrometric analysis of‘fojiage
was expected to identify specific "windows'' that could prove effective
as an aerial survey tool. |

The SANTAD computer program, developed by N. Norfck, analyzed the
reflectance curves from the foliage samples in terms of tone values
producéd.' Twenty-three filter types aﬁd foﬁr bla;k—andwwhite films(é)
were tested, but no consistent film-filter combination was discerned to
discriminate health§ and diseased trees at different moisture periods
of the year.qv

Also aerial color Ektachrome Aero (E-3) and color infrared Ekta-
chrome Aero Infrared (8443) photography was taken at 1/5000 and 1/2500
sgales in 1966, 1967, and 1968 in an effort to obtain previsual dis-
crimination of affected trees in the'visible aﬁd near infrared portions
of the spectrum (.34 micrometer to .90 micrometer). A few trees in

the most advanced stages of decline were detected primarily because of

a foliage color change to vellow, Thus, previsual discrimination by
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Figure 3. Col]ecting-branchleté from the tops of dominant trees for
spectrometric analysis is simple and efficient from a helicopter using
a light weight pole pruner to clip.and retain samples.
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photography in the visible spectrum is not considered a practical sur-
vey method at this time.

Thermalrinfrared tests with a PRT-4 radiometer in 1966 and a |
PRT-5 radiometer in 1967 operating from a he]icoeteh et 150 feet abeve
individual trees (Figure 4) showed:sfénificantrto highly significant
temperatute“dffferences at specific petiods of the year and time of
dayﬁg-and ) 1n ?968 thermal sensing with a ﬂon-lmag!ng PRT-5
radiometer from a hellcopter was performed over trees at two dlfferent
forest sites; 45 trees at each'site representing three age classes and
three tree,conditjpns (hea}thy,'dfseased wi thout yfeib?e crewn.s?mptoms,
and dieeased with vfsible erown eymptoms) Signifieeht temperature dif-
ferences were recorded between the sunlit and shaded sudes of trees but _
_not betwecn healthy and d:seaSed trees (optimum mousture and low stress
ffactors in 1968). Dur|ng the perlod; an aerta! vndeo scannlng system
with therma] readout was, also deslgned and |mplemented (Flgures 5 L
. and 6) for thermal surveys of large forest areas from a hellcopter(S)
‘It was not possible to conduct tests of this new equipment over study
trees at each test site in 1968. |

In the absence of reflectance differences between healthy and
diseased Douglas fir trees, more intensive and comprehensive ""ground
truth' was needed to measure the effect of pest orgenisms on tree
~growth and tree decline as a means to determine the tdeal airborne
- remote sensor. In 1969, measurements of biophysical and physiological
processes in healthy and diseased Douglas fir trees were initiated at :

the Wind River Test Site in southern Washington. Biophysical research

was oriented to measure energy balance of the forest canopy, leaf
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Figure 4. Infrared heat emissions from individual trees are recorded
with PRT-5 radiometer and chart recorder. Helicopter orbits tree for
total reading from 150 feet. ;
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Figure 5, Thermal IR radiometer and video scan recording system pro-
vide pictorial and digital readout of thermal emittance from objects
: below helicopter. Tape recording with instant replay captures temper-
0 ature differences and sufficient ground detail to pinpoint location.
In scanning mode forward speed of helicopter would not affect instan-
taneous radiometer readings of trees, brush, or terrain features.
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Figure 6. Upward view of vertical pod on helicopter that contains
boresnghted thermal radiometer and: V|dicon camera. Leveling the pod
in flight is manual operation.
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molsture tension, foliage temperatures, soil moisture'lension, rate

of sap flow, and various types of metecrological data (wind speed,
relative humidity, ambient air temperature, vapor pressure deficit,
and rainfal]). An aerial tramway system was established that could
collect data contihﬁous]y from\;;élthy and diseased trees (Figurel7).
A trirtower.systém evolved with one central common tower for two tram-
ways, one operating over_heé{thy trees and'one 6ver:diseased trees:

A vast array of sqphiéfi;éted iﬁstruments were 1nstal{ed to ;oflect i;
data on the ;bove'bipphfgical and'phyéiological processes., Data from
the many sensors Qéée %éd 5ve}.miiés of wire intokﬁecorQEng jn;tru-
ments located inside a'traile; néxf'to:the tr;mway's§$tem. A Vidar
| 5403 digital daté logger provided 35 channel per second input in 1970
to gréafiy improve data collection. Defai]é of the instrumentaf?on, |
installation procedures, and sampfe graphed information over the sum-~
mer periods are deséribed inrthe 1969 and 1370 Annual Reports.

In 1969, the University of Michigan's multispectral ‘scanner system
collected thermal and multispectral data over the instrumenfed Wind
River Test Site on July 14 and 15. Unfavorable environmental conditions
existed in late September for an overflight when maximum stress factors
would be evident. Optical mechanical scanner data from the Michigan °
flights were processed and repofted'fn 197Q(Z) Resuits of the multti-
spectral evaluation uging tikelihood ratio processing of three=channel
infrared data on SPARC (1.0 - 5.5 um), ten-channel spectrometer data
on SPARC (.4 - 1.0 um), and thermal infrared data (8 ~ 14 um) on analog

and digital processing revealed no discrimination of Poria stressed

trees within the general area. Color mosaics and thermal greymap
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Figure 7. One of three steel towers supporting a double tramway system.
Radiation sensors on tramcart are automatically pulled on cables.

Sensor data is transferred electronically to a data logger in a mobile
laboratory. ' -
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interpretations provided pattern recognition in several broad bands but
iacked resolution to delineate just a few trees. High water table and
above average environmental conditions (no severe stress) help to
account for the uniform thermal radiance characteristics of the Douglas
fir forest on the Wind River Test Site.
In 1969, extensive ground instrumentation collected data on bio-

'physfcaf and‘thS(ological parameters of foreat trees. at the Wind River
Test Site. Desoite good soil water storage }n the general area, day—
“time dlfferences were recorded in teaf water potentlal and reiatlve
rates of evapotransp|rat|on between healthy and diseased trees. ngher
leaf stress was consrstently recorded around m|dday by dlseased trees
Healthy trees |nd|cated greater Teaf stress in the mornlng and earIy
evenlng(é) ln 1970 ”éround truth” wasc obta:ned through .a wore com-
,prehenStve array of” :nstruments :ntegrated into the two tramway systems;
PreC|SIon measurements of". emitted energy of individual trees was pro-;'
-VIded by a radlometrlc deV|ce rncorporated :nto the net radiometers.

It measures }ongwave thermal lnfrared emission (rad:ant-ekitance) in :
the 3 - 15 um band and corresponds to measurements made by an airborne
thermal detector. Two inverted Star pyranometers, one travelling
on a-tramway over healthy trees, and the second over diseased trees
collected reflected shortwave radiant energy. Iocident shortwave radi-
ation collected by a Kahl Scientific Star pyranometer was collated with
the reflected energy to ca]culate aibedo Albedo indicates contrast
ratios on spectrometer imagery. HNet al]wave radiation collected by a
Kahl Scientific net allwave radiometer mounted on each tramway measured

directly allwave incident energy (.4 - 15 um). minus allwave reflected

\
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and emitted energy. From the net allwave radiation data collected
during the 1970 season at the Wind River Test Site, a consistent lower
value was measured in diseased trees which indicates a higher reflected
or eﬁitted energy component}z) Fﬁrthermore, remote sensing of short-
wave radiation data as indicagéa by albedo response shows a consistent
two percent.higher incident shortwave radiation of diseased trees. It
is difficult, however, to ascribe significance to these parameters
either singiy or together because of the differenceé in énergy balance
compcﬁépts;.”Stress factors between healthy and diseased trees néed to
be more pronounced than oc?urréd in'i970.(hjgh water tab]é; low stress
compohents) and aerial remote sensing inétfumentation of Qreaték‘reso—
lutio% and precision ére‘néeded to discriﬁinate previously incfpient

Poria weirii root rot in Douglas fir trees.

in71970, a new spectral signature indicator for Poria weliril root
rot disease was discovered on 1:15,840 scale.photography in Doué]as fir
standg in the Oregon Cascades (Figure 8). The ci}cular gattern_result-
ing from the spread of the diseasg is the Eare ground and disintegrated
tree frunks of infected DouQ]as fir. Remote sensing ;esearﬁh since 1970
hasrﬁeén oriénted to capitalize on this signature which can be discerned
on suborbital imagery and potentially on satellite imagery.(Z)

In 1971, a comprehensive remote sensing survey research and devel-
opment program was designed to meet objectives oriented with the dis-
covery of the new unique Spectral signature of root rot disease in the
high Cascades. Expectations were that the siénature'wogld apply to
the Douglas fir-hemlock type throughout the Northwest and4pgrh§ps be

useful throughout the United States. The 1971.Annual Report(g) describes

133



JEBAELRR R

SRR

Figure 8. Oblique view of Poria weirii signature in the high Cascades
of Oregon. Progressive spread evident as trees on edge fall and dis-
integrate. Less susceptible trees (white and true firs, red cedar,
white, white pine) fill in after Douglas fir and hemlock succomb.
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the problem, the selection of three test sites, the four photoc inter-
pretation phases of the project, the interagency cooperation, aerial
Qhotograﬁhy, and collection of ground truth. Foliowing the photo
interpretation of approximately 8,300 aerial photos in the Douglas fir-
hemlock types of Oregon and Washington for this particular specfral
signature, three test sites éncompassing nine squaré miles each {three-
mile x three-mile block) were selected for detailed étudy. Each test
site included a wide variety of disease, stand and ciimatic conditions,
slope and elevations, and forest types.

}. The Waldo Lake Test Site (Williamette N. F.) is in the high
Cascades df Oregon, has some brushy areas, and moderate to easy terrain
accessibility.

2. The Oiailie Lake Test Site (Mt. Hood N. F.) is in tha Oregon
Cascéaes, brushy with areas of dense reproduction, and moderate ter-
rain accessibility.

3. The Divide Lookout Test Site (Siuslaw N. F.) is in the Oregon
Cascades, brushy with extensive understory of vine maple, rhodedendron,
and red alder and has extremely rough terrain with deeply dissected
slopes of 80 to 90%. |

Aerial photography in 1971 included three scales and three film
types for each test site. The Divide Lookout Test Site in the Coast
Range was photographed at 1:4,000, 1:8,000, and 1:15,840 scales because
of the need for interpretative capabilities at the ground level in the
Poria pockets ("'holes" in the forest canopy). 1:8,000, 1:15,840, and
1:31,680 scales were taken of the other two test sites. U.S. Forest

Service photographic aircraft from R-6 and'fhe PSW Forest and Range
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Experiment Station used Aero color negative film (2445) which provides
either color or black-and-white prints, and color Tnfrared film (2443)
using a Wratten #15 filter to secure the above photo scales. Schedul-
ing constraints for NASA overflights at ;méiler scales up to 1:250,000
did not materialize because of priority of the exténsive corn blight
surveillance program.

A new photo interpretation testing techﬁique was devised that Qou}d -
remove almost entirely interpreter bias that is commonly found in multiple
and sequential photographic interpretations of the same areas with dif-
ferent films and scales. Eight plots from a total of over 75 plots at
each test site were randomly selected for each film-scale combination.
Nine combinations are possiﬁie at each test site {three films, three
scales) so that a total of 72 plots were interprete& only once by each
interpreter. Five interpreters had separate random lists of plots to
interpret. Each plot was interpreted for presence or aSsence of Poria
root rot disease. The interaction between photo type scale combinations
(nine) and interpreters (five) is used as the error term for testing
signifitance. |

Only preliminary results of the phofo interpretations covering
part of the 1971 mulfispectral imagery were available for the 1971
Annual Report. Results on the Waldo Lake Test Site and Olallie Lake
Test Site were most encouraging. Two interpreters with considerable
field experience in field checking Poria pockets obtained interpreta-
tion accurécies around 902 for Waldo Lake, 80% for Olallie Laké, but

. only 60% for Divide Lookout on the Coast Range. HNeither the type of

film nor the scale of photography affected the results significantly
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which should indicate potential success-ratio for root rot disease sur-
veys In certain areas from suborbital and orbital altitudes.

CURRENT RESEARCH ACTIVITIES

Two major remote sensing projects were conducted in 1972 on the

Poria weirii root rot problem in Douglas-fir type of the Pacific North-

west. First was the photo :nterpretatlon carrled out by five |nter-
preters of 216 selected plots on the three estaleshed test sites
(Waldo Lake, Olallie Lake and Divide Lookout) with three films and
three scales. ‘These data were analyzed to determine the optimum film-
~scale combination needed to.detect root rot centers up to 1:32,000
photo scale. Second a Tollow-on photograph|c mission was planned to
obtain multispectral imagery of the three test sites from l 164,000 to
1:250,000 photo scales as a means of estimating the potentlallt:es of‘
suborbital and orbital imagery for detecting root rot diseases.
OPTIMUM FILM-SCALE COMBINATION

Results of the five interpretations on the”1971 photography show
that larger photo scales do not materially improve interpretation
accuracy. This can be discerned in Table 1. Interpretation accuracy
actually improved in many cases at sma][er photd scales. Tests of sig-
nificance were made for interpreters, photo scales, film types, and
photo scale-film type interaction (Tables 2,3, and 4) for the 1971
photography. Analysis of variance showed no significant diffefences
between interpreters, photo scales, film types, or photo scale-film
type interactions for the Olallie Lake and Divide Lookout Test Sites
(Tables 3 and 4). HRighly significant differences were noted for photo

scale and photo scale~-film type interaction for the Waldo Lake Test
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Table 1. Photo interpreter accuracy* for photo scale-film

type combinations.

s
s

Waldo Lake Test Site T

Photo Scale

Film Type 1:31680 T: 15840 1: 8000
Black-and-white 85.0 60.0 77.5
Color . 82.5 .70.0 40.0
Color IR 77.5 §2.5 77.5
Olallie Lake Test Site

Photo Scale

Film Type 1:31680 1:15840 1: 8000
Black-and-white 70.0 62.5 62.5
Color : - 72.5 60.0 52.5
Color IR - 62.5 - 62.5 72.5
Divide Lookout Test Site _

: Photo Scale

Film Type 1: 15840 1:8000 1:4000
Black~and-white 62.5 50.0 62.5
Color 57.5 52.5 k5.0
Color IR 60.0 4o.0

*Percent correct.
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Table 2. Waldo Lake Test Site analysis of variance.

139

Source of variation : D.F. : &.S,. M.S. F.
Interpreters b .. 0.0k 0.01 1.00 N.S.
Photo scale’ 2 2.92  1.46 14, 60
Film type =~ 2 0.60  ©0.30  3.00 N.S.
Scale x type . L 3.88 0;97 9. 70
Error 20 -- -- --
Total | 32
~*%Sjignificant at 0.05 confidence level.
N.S. -- Non-significant '
Table 3. Olallie Lake Test Site analysis of variance.
Source of variation : D.F. : §.S§. M.S. F.
interpreters 4 0.96 0.24 1.99 N.S.
Photo scale 2 0.32 0.16 1.32 H.S.
Film type | 2 0.12 0.58 0.48 N.S.
Scale x type 4 0.92 0.23 1.91 N.S.
Error _ 20 T = - --
Total 32
N.S. ~~ Non-significant



Table 4. Divide Lookout Test Site analysis of variance.

F.

Source of variation D. 5.5, M.S.

- Interpreters - 4 70.23 . 0.06 0.35 N.S.
Photo scale 2 1.02 0.51 3.09 N.S.
Film type 2 0.72 0.36 2.17 N.S.
Scale x type 4 0.67 0.17 1.01 N.S.
Error 20 . - - ——

Total 32

N.S. ~- Mon-significant
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Site. lInterpretations on biack-and-white prints wer; generaily better
than on color or color infrared films.
| SUBORBITAL [MAGERY

The success achieved w{th small scale imagery of 1:32,000 on black-
and-white photography to dete;;‘Poria root rot centers indicated the
need to test additional suborbital imagery. In late June 1972, the
USFS Remote Sensing Project's photo equipped AeroVCommander phot;graphed
the three test sites at three photo scales ranging from 1:46,000 to.
1:18%,000 on Wa]do)Lgke and Olallie Lake Test Sites and 1:52,000 to
1:208,000 on Diviae Lookout Test Site. A pad-of 70 mm cameras (six
inches, three Tnckes, ana 1-1/2 inches focgl féngtﬁs) was used with
Aero color negapivélfilm (2#%5)7aﬁd co]or‘fﬁfrared film (2443). Delays
in film processing.and problems }n'obfaining Satiéfactory black-and-
white printS'froﬁrAetoicolor neéatEVe Tilm have deiayed considerably
the multiple inté}ﬁrgtatioﬁs needed to detérmine the upper limits of
photo interpretagfdﬁracpuracy for root rot dfseasejcenteré. It is
apparent that Ae}; calor negatiVe‘film réquires édéitiona] filters for
eprsures made above 20,000 feet above sea level if black-and-white
prints are desired (color compensating filters are available and pro-
fide satisfactory color prints or color transparencies). Results of
the suborbital imagery interpfetations will he published in a later For-

est Service publication. Figures 9 through1l show the dffferences in

the appearance of Poria weirii root rot signatures from small side open-
ings to large openings up to 3,000 feet across on photo scales obtained

through 1972,
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Figure 9. 1:8,000 scale vertical photo at Waldc Lake Test Site. MNote
small new centers, older enlarging centers, and large coalescing centers.
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Figure 11, 1:31,680 scale vertical photo at Waldo Lake Test Site.
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Figure 12,

1:46,000 scale vertical photo of Waldo Lake area.
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o Figure 13, 1:92,000 scale vertical photo of Waldo lLake area. Small
centers are quite indistinct at this scale.
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Figure 14. 1:184,000 scale vertical photo of Waldo Lake area. Magni-
fication of print is needed to detect small root rot centers (75 to
150 feet across).
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ERTS [MAGERY OVERVIEW

The Indicated success-ratio likelihood for detecting root rot
disease centers on suborbital imagery provideé strong potentiality for
delineating disease signatures on ERTS imagery. Plans have been made
tb co}laboréte with the ERSAL {Environmental Remote Sensing Applications
Laboratory} program at Oregon State University to investigate the capa-
bilities of ERTS imagery to identify both fnsect and disease phenomena.
Several bhands of the ﬁSS.QiI] be made avallable as Qe]l as color

enhanced imagery.
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DEVELOPMENT AND FIELD TEST OF AN ERTS-MATCHED FOUR-CHANNEL SPECTROMETER

by
Fo. P. Weber

t - T

The Forest Service research Qrdgram in remote sehsing has become
diverse and multifaceted w%th NASA SR&T support in recent years. Some
of the support was directed to studies on the blophysical and physnolog-
|cal characterlzatron of plant communities, especially conifers under
physiologic stress, Our research in this area was focused on two prob-

lems: (1) Poria weirii damage to Douglas-fir (Pseudotsuga menziesii

(Mirb.) Franco) in the Pacific Northwest and (2) mountain pine beetle

(Dendroctonus ponderosae Hopk.) damage to ponderosa pine in the Black

Hills., In bdth cases an effoert was made to define the spectral signature-
of Erees.under stress and to use tﬁat information in deVQIOping an air-~
~ borne hultispectral‘detectfonISVStem., The techniques df‘making energy
budget and wafer balan;e analyses wererused, in part, for the characteri-
zation of thé-trees under stress as being different froh healthy trees.
~These pursuits led to extensige use and development qf biophysical instru~
mentation for the quantification of plant responses. in this program we
‘gsed several different radiometers, but none was adequate for measuring
spectral response'daté over long.periodé of\t!me and in the required
spectral bandwidths, | o

Early in 1971 it became obvious that we would ﬁeed a precision instru=
ment.of some sort to provide closeup spectral radiometric ground truth for
our planned ERTS experiment, 1t was reasoned that we would need a device

which would have at least four channels, was lightweight and portable,
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would measure spectral frradiance'or 5pectral radianc¢ in four simultane-
ous bandwidths, and would be inexpensive enough so that we could deploy
several such instruments around the country tb operate continuously for
the duratiqn of the ERTS experiment. We did not find an instrument to
%it our requireménfs, either because existing designs were not rugged for
. extensive field use or because they were far too expensive. Aftef consul-
| tation WFth !nsfrumentatfon experts at the University of Michigan Willow
Run Laboratortes (WRL) we began the design work on a Forest Service field
spectrometer in early summer of 1971. 1t was hoped that our instrumeht
would provide useful quantitative ground truth not only for the proposed
:ERTS experiment but also for the ongoing Earth Resourﬁes Aircréft Pro-
gram {ERAP),

o Befng é prototypé spectrometer, the RS;Z was somewhat different in
' desién.frcm that df the Tield spectromeiers which aré operating today in
connection with our Qngﬁ!ng ERTS-1 experiment, However, the detectors and
filters are identical. The main differenée:in,tﬁé newer models is that
they are lighter, and the circuitry is simpler. |

 The spectral bandpass for thé R$-2 channels is defined by four spe;iai-

order filters which we obtaingd from Laser Energy,. Inc. (Figure 1),!} They
are designed with sideband blocking and peak. transmittance of 83 pe%rcentu

The bandpass of the filter for channel 42 extends only to 1.0 micrometer (um),

Tfrade names and commercial enterprfseéror prodﬁcts ére mentioned solely
for necessary information. No endorsement hy the.U.S. Departmenf‘of Agri- |
culture is fmpiled. | | |

| 2in this discussion, channel 1 is 0.5 to 6,6 um; channel 2 fé 0.6 to

0.7 um; channel 3 is 0.7 to 0.8 um; and channel 4 is 0.8 to 1.0 um.
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but that channel wag Jater refiltered to extend the bandpass to 1.1 um.
Otherwise the bandpass of the RS-2 was designed to match that Qf the ERTS
multispectral scanner {MSS) subsystem,
The fieléJSpectrometer use;\%bur Uni ted Detector calibrated PiN 10

' Schottkydphotqdiode detéctors which have an actf@e area of 1.25 cm2 when
the full 450 field~of-view of the instrument is used., However, we could
obtain more precise measurements after restricting thé field-of-view to"
10° and using the detectors with an active area of 0.16 cmz. The spec-
trometer unit is powered by a rechargeable Gelyte battery which drives
the light chopper motor and associated circuitry. The spectrometer was
also designed to!operate on 115 volts. for operation in the laboratory and
“for recharging the battery. Although the Gelyte battéry contributed most .
of the weight to the prototype R5-2, the high amperage rating provided
for 6-~1/2 hours of continuous use in the field;

Extensive spectral calibration and light sensitivity tests were. run
in the laboratory on the field spectrometer, Figure 2 shows the cali-
brated radiance output at five levels for each detector. Due to the
slightly different spectral responsivities of each of the detectors, there
is a different calibrated radiance for a given neutral density level,

For the calibration data in Fighre 3 we measured the detector response
for each channel as a function of changing target exitance. -Target exitance
may be defined as the energy in watts per unit area of each particular tar-
get. To do this we measured the spectral énergy reflected off a flat
white target illuminated with a 1000-watt standérd lamp from a distance of

50 cm. For this test it was necessary to place the light source and the
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Figure 2. The calibrated spectral radiance for the RS-2 detectors was
measured at four neutral den51ty levels and maximum output for a 1000~
watt standard lamp.
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Figure 3. The field spectrometer detector responses {in millivolts)
were measured at six different levels of target exitance, The spectral
characteristics of the target remained constant; only the exitance level

was varled,
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detectors iﬁ the same vertical plane from the reflgcting surface, with
. the light position slightly higher than the detectors. The detectors were
well baffled.to prevent direcE_illumination of the detector surfaces by
the light source.- The reflecti;g surface was painted with 3M thte pain;
which is prefefred for this fype of target exitance calibration because
of phe reflectance characteristics which proqﬁce.a flat respoﬁse fo; that
portion of the sbectrum of interest. |
The detectof response levels showﬁ in Figure 3 are unamplifigd sig-

“nals from the small areé detector with a 10° field-of-?iew. The RS-2
was tested for detec£or response with two different amplifiers. Fifst,
fheVUﬁited Detector (UDfFIOO) FET'amplierr was tested.. Thig device
. seemed like a good compact preampiifier (considered desirable for fiei&
épplications) because of the small 7.5-volt self-contained battery thch

prbvided thé constant bias current, TheVUDT-IOO provides a gain of 100
which makes it well suited for the signal conditionipg‘necessarylfor
recording signals directly on arpﬁrtab!e chart recorder fn the field.

For use with targets in the Black Hills for the ERTS éxperiment, we ampli=~
fied the output of the RS-2 with Burr Brown 3061/16 instruhentation ampli-
fiers and then recorded the outputs on our Vidar 54b3'digital data‘vauisiﬂ
tion system. Tﬁe 3061/16 amplifiers proved to be soméwhat superior in
terms of stability of signal and lack of noise interfereﬁce pickub. How-
ever, the instrumentation amplifiers are dependent on a + 15 vdc power
supply which must be considered in the final application of a field sﬁec-
trometer. : |

The last laboratory test for the RS-2 spectrometer was a measurement
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and calculation of the spectral responsivities of the detectors (ngure 4).
. These were calculated for each channel as the ratio of detector output to
spectral radlance output for several different levels of target reflec-
tance, In the laboratory, target reflectances were created with neutral
densuty fllters attenuating a 100 percent reflectance from a white surface
illuminated with a 1000-watt standard 1ight source.

We had an opportunity to field test the Forest Service RS-2 spec-
trometer in November 1971 (Figure 5} in cénjqnctfon with a flight of the
University of Hichiﬁan M-7 multispectral scanner system over our Atianta,
Georgia, test site (217).3 In this test we were primarily concerned with
the signatures of hardwood and conifer trees, pastures and brushfields,
and opén water., We were fortunate to have a hydraulic 1ift available to
place the spectrometer and recorder over the‘tOps of the trees and other
.targets while the Michigan plane was gathering data overhead.

The data in Figure & show the fbur-chgnnel analysis of target exitance
for cne of the days when the Michigan plane flew, Radiometric retation-
ships of varlous targets were established throughout the day and were val-
uable data for preprocessing analysis and optimum channel selection in the
~multispectral processing of aircraft data at WRL. Figure 6 shows the spec-
tral radiant exitance for pine,'hardwood, pasture, and water. These were
the targets of principal ‘interest and offered a fange of spectral responses,

For example, exitance values for pine and hardwood are separated in channel Z

3The multispectral scanner test flight Is the same one discussed in
Section ! of this report entitled ''Land use classification in the south~

eastern forest region by multispectral scanning and computerized mapping,"
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Figure 5. The Forest Service RS-2 field spectrometer was field tested
in November 1971 in connection with a multispectral scanner flight over
the Atlanta, Georgia, test site (217). Author is holding RS-2 over pine
foliage while being supported in the bucket of a cherry picker,
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Figure 6. Radiometric data from the field test of the R§=2 spectrometer
shows the radiant exitance differences between four targets throughout
the day. Data were collected in conjunction with a flight of the M-7
multispectral scanner over the Atlanta, Georgia, test site (217).
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in the morning and at midday. Also, pasturé had a much higher reading

than the other targeis‘on channel 2 in the mbrning and at midday. Chan-
nel )} was good for separating pine, pasture, and hardwood at midday.

Water was very different from other targets at all times of day on channels
3 and 4. The possibility of making this kind of target spectral sngnature
analy5|s under field conditions and with natural illumination is exacLIy
the reason why the spectrometer was developed,

The field spectrometer opér;ted very well in accordance with its
dés}gn throughout the three-day field test, However, some problems were
lobvious'wtth the prototype instrument wﬁi;h requifed design changes before
the spectrometer became useful as a field instrument, AlthougH the R$-2
is compact, it is unnecesSarily heavy (6 kilograms) which makes its use
. from the top of a cherry picker awkward. Certainty the prototype was too
heavy to be used suspended from an overhead tramway system as planned.

Aﬁ additional annoyance was that we had a single—chahne1 portabie recorder
for use in the f!eld so that the outht of the RS-2 was wired to sample
the channeis sequentially (with a rotary swltch) rather than simultaneously.

As a result of.the successful development and test of the prototype
field spectrometer, five new spectrometers were bdilt (Figure 7) and have
been installed at our ERTS-1 test site in the Black Hills (226A). Although
the new spectrometers were constructed with ERTS monéy; wa would ﬁot have
been able to build them rapidly and get them deployed to the test site had

not the developmental research been supported by the SRET program.
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Figure 7. The interior of one of the five field spectrometers currently
operating at ERTS test site 226A in the Black Hills is shown., Redesign
of the prototype RS-2 resulted in a weight reduction of 4 kilograms.
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CALIBRATION OF FOCAL PLANE SHUTTERS
by

" Robert W. Dana and Benno Marx

INTRODUCTION

;here are several aspecfs to the 'importance of measuring the

" . exposure time of a camera. For an efficient Sy?tem of film exposure
adjustment, the exposure tfmes (or'shuttér speeds) should be éqt af-
values”vérffng'by épﬁroximately a factor of two, i.e., 1/500 sec,

I/l,QOO sec, etc; Cameras used in multicamera systems, from which

. the imagefy is to be analyzéﬁ quantitatively, should have expﬁsure

times which are well hatched or at least well calibrated against one
another. In the case of the focal plane shutter with its moving curtaiﬁ,
it is nécsssary to test for uniformity of moticon and, therefore, uniform-
ity of exposure across the image plane.

These properties can be tested photographicaiiy using a rotating .
transparent drum (ANSI, 1952), but a quicker and cleaner method employ-
ing electrd-optic technology provides savings of time and money. We
have devised a technique useful for cameras in general, but designed for
focal plane aérial cameras in particular, which includes an intense
light source, photodetector with amplifier, and an oscilloscope. An
electronic time interval counter provides a worthwhile adjunct.

GENERAL SYSTEM DESCRIPTION

The instrument arrangement is shown mounted on an optical bench ' .

for convenient height and distance adjustments (Figure 1), A laser
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Figure 1. Instrumentation for exposure time measurements for focal
plane shutters. The primary components are a general-purpose oscilloscope,
fast response detector with amplifier, and a small He-Ne iaser.
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LASER BEAM
- s
DETECTOR s T
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l e
FIELD SLIT CAMERA LENS
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Figure 2. Optical system of exposure time measurement technique for
focal plane shutters.

164




provides hiéh-intensity light in a collimated beam which effectivé!y
comes from an infinite point behind the laser. Aerial camera lenses
usually have a set infinite focus. Therefore, the collimated beam is
converged by the fens to a tiny point at the image plane whicH Is close
_to the plane of the focal plane shutter. This point of light is smaller
than the Openiné in the shutter curtain, |

The principles of geometrical and physical optics-thét are involved
_are fairiy straightforward, but one must take.care to hgaSure light in
a manner consistent with the way that it exposes the film. A focal
plane shutter can be described as a moving curtain with a rectangular
slit whichApasses just in front of the film plane. The effective exposure
time (T) is éiven by _ ' _ .
| | T oSH(D) dv o W

max '

where H(t) is the time-dependent irradiance and H oy 15 the

maximuh value of jrradiénce used as a normalizing factor.
The exposure time can also be expresséd as the rétioubf the slit widfh to
the average curtain velocity; Adjustments in exposure time are‘generally
made by varying this shutter slit width.

When the slit passes across a uniform beam of light with a uniform

velocity, the total time_that the detector is irradiated is dependent
on the wfdths of both the beam and the slit. But the avefage time as
defined by equétion 1 is dependent only on the wider of the two elements.
Therefore, it is important that the light beam be focused to a size
ISmaIIer than thé shutter slit width to assure that the time measurements

are invariant to beam width. In addition, we place the detector several
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- centimeters behind the shutter to sample only the center portion of
the beam {Figure 2) where it is diverged to a size several times as

wide as the detector aperture. Llasers propagating in the TEMoo mode

héve a gaussian-shaped beam on both sides of the focusing lens {Dickson,
1970), and much of the beam nonunifofmfty'can be rémoved in this manner.
Diffraction patferns from the edges of the slitﬁ and lens optical franSn
fer characteristics are negligible in this measurement since the s]ff
‘width exceeds 1 mm, and we are only attempting about 5 Rercen? accuracy.
ELECTRONICS |

Aﬁy beaﬁ of light éhopped by a focal plane shutter has significant
rise and f§11 times repreéenting the time taken for each edge of the
shutter slit to traversé the light beam. Idsally, we want only the
t{me required for  the focal plane-shuﬁter to pass a theoretical point.
‘To do this with a finité size light beam, we have designed a circuit
which measures the peak voltage Vp across some photo sensor and tﬁen
: quickiy switches a time-measuring circuit whenever a subsequent light
_ pulse reaches some fraction (usually one half) of the peak voltage
Vs as shown in,figure 3. |

The light sensor chosen for this purpose was a s{licon photo-
transistor. This device is essentially ‘a silicon photodiode integrated
‘with a high-gain npn silicon transistor in the same semic&nductor chip,
The high gain of the phototransistor permits sensitivities greater than
0.2ma/mw/cm? at low unit cost. Photo current rise énd fall times of a
few microseconds are §ufficiently fast for shutter speed measurements.

The phototransistor response approaches linearity with respect to light
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Figure 3. Plot of the phototransistor voltage (proportional to the
irradiance of light} and the output voltage of the transistor switch

versus time.
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Figure 4. Relative response with wavelength to the Sprague EDLO} npn
silicon phototransistor, :
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input for the high light levels ach?eved with a laser séurce. As can

be seen in‘Figuré L4, the spectral response peaks at about 850 nanometers
(nm). In general, silicon phototransistors have a useful wavelength
range of 450 to 1050 nm with good sensitivity for helium-neon laser
light at 632.8 nanometers. |

Figure 5 is a diagram of the pulse;measuring cirhuit.. When a
sequence of light pulses is put into it, the first light pulse brepares
-the circuit for é.measurement, and a peak detector samples and holds the
peakvoltage.vp. An amplifier AR2 then senses the voftage level, driﬁing
a simple low_impedence voltage divider which produces a level Vs approx-
imately équal to Vp/Z. The next pulse activates the switching trénsistor
Q1, whose emitter is referenced to the VS level when the input reaches
that level. The output signal is an amplified square wave having & widtﬁ
épproximately equal to the input puise half width. This square wave can
trigger an electronfc tiﬁe interval meter efficiently:and fs easy to
measure on an oscilloscope. .Simultaneously; the sample and hold circuit
readjusts its voltage level to the new impulse.

Due to severe noise problems associated with tHe electric shutter
and motor driven film advance of an aerial camera, a small RC integrator
is added directl? to the phototransistor's output, while a_large capaci tar
is mounted across the power supply inpufs. These precautiéns were ade-
quate in insuring measurements without interféring noise,. |

A sensitivity adjustment ?5 provided through the front panel ==~
its level to be changed until the red light emitting diode (LED) just

fails to emit. This assures us of the transistor QI triggering at the half
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Flgure 5. Schematic of pulse~measuring circuit. The symbol F.P.
indicates front panel mounting of that component. -
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amplitude of the input pulse, not at half the power supply voltage'--
an event which happens if the sensitivity is too high.

PERFORMANCE

L

The predisioﬁ and accuracy of the pulse-measuring circuit can be
determined by applylng it with a time-variable beam from an infrared
emitting diode radnatlng at a wavelength of 900 nancmeters. when
driven by a low-voltage sine wave with a diode in series for rectifi4
cation, the IR LED emits a pulse similar in shape to that of the focal
plane shutter. For a pulse width of five mli]nSeconds 'a dual trace
scope disPIay and a time interval counter revealed an accuracy of four
percent fdr the half width. Although very slight adjustments in the |

l&anﬁtivity were necessary during a four-hour test, the long-term drift -
ih the measured half width and the sﬁort-term repeatabiiity wére less
than 1 perceﬁt of the mean value.

Unless yhe fnput pulse is a linear ramp up and down, the time
between half power points will not equal the mean value of amplitude as
defined by the integral in equation 1. The half width will be an adequate
approximation of it, however, and the same ratio'?/T]/Z'should be obtained
for all setfings of a focal plane shutter, Values of Vs other than
the half power point can be adjusted fér a particular pulse shape by

" changing resistors R7 and R8.
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MATHEMATICAL MODELING OF FILM CHARACTERISTIC CURVES

by

Robert W. Dana and Nancy X. Norick

INTRODUCTION

To facilitate the use of color film calibration data, theré was
‘a need for algebraic equations to express the relationship be tween
film density and relative log exposure. Known reflectance differences
or contrast ratios of various objects could then be used to'predict
density differences on film, and conversely, density differences cbuld
readily be converted to reflectance differences for more accurate object
_recogﬁition.

The shabe of & characteristic curve of a color reversal film is
exhibited in Figure i,,which displays .the inteagral density of Eas tman
Kodak 2443 color infrared (CIR) film measured with a gheen filter (red
light sensitiQe layer). The shape of the curve suggests an exponential

form encountered often in physics and electronics.

0 =ae () ¢, | Q)
where |

D = density

x =

relative log,, exposure

The function f{x) should be monotonically increasing with x so that
the constant A takes the value of the maximum density (Dmax = 3.,2) at

zero exposure, and C takes the value of the minimum density (D =0.1)

min
at infinite exposure, Functions that are linear in x and quadratic in
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(b] = ,75)

' 2
nnﬂ+D=Ae—b2x +C

(b2_= .625)

, 2
000+D=Ael1xbx" 4 ¢

(b, = -.605)
(b, =1.13 )

'_++++D=Ae

~In a1l cases:
C=0.1 A= 3‘.2

" DENSITY

True curve
2443 Color IR
Green response

0.3 0.6 0.9 1.2 1.5 - 1.8 2.4
RELATIVE LOG EXPOSURE

Figure 1. Typical characteristic curve of the green response for.CIRl
film. Several points for three possible models are plotted,
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%x are shown in a graphic fitting with the point x = 1.2, D = 1.4 used
2 .
2% with nonzero

values of bl and bz. One more fitting point (iongE = 0.9, b = 2.35)

as a constraint. The best fit was for f(x) = blx + b

was required to provide two equations from which the two coefficients

b‘ and b2 were solved. These results were. encouraging enough to léad

to a more refined computer modetinglprocedure with a cubic term included
in f(x).

COMPUTATIONAL METHODS

Equation 1 can be changed to a more usable form by putting the

‘constant A into an exponential expression and taking the logarithm

2 3 (o
£n (? S C) =gy X T RX H BX (2)
where
By = APA
B = by

% = another constant

At least-Squéres fit of equation 2 was performed for 2443 CIR film and

tﬁe beta values found by regression techniques. Severél variables were

" considered in the computations to assure a good fit of the model to
available data. The yalquIntended for the offset cénstant C was the
‘minimum density‘of a scan of the sensitometer strip, but'we also tried
values of D .+ n(.01) with n taking integral value§ between minus 14
and plus 5. Density data were somewhat noisy at the toe of the character-

istic curve and above the shoulder, requiring truncation of the density
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values used for fitting. Low densitIeS were truncated at Dmin + .05
density units. Two cases were taken for elimination of high values --
dats above Dmax + 0.10 and data above Dmax + 0.20. Eractical consider-
“ations would generally obviate the calibration of density data outside
~ this range of acceptance anyway.
‘ Twc different forms of the exponen{ial equatioﬁ were tested. A
| ;.quadratic form wi;h B3 equal to zero was tried a5 well as the fgll cubic
egquation 2, | |
The'film strips were exposed by a Joyce-Gevearf mode éL sens { tometer
' Aoﬁ 70 mm film, producing exposures 210 mm in length with a linear varia-
fion in relative ioglOE of 0 to &4.0. The spectral distribution was
approximately that of average deylight (Dana and Myhre 1971). The film
. Qc:!s processed in Nikor equiﬁment with E=k chemicals. -
Film strips were scanned by a Photometric Data Systems digita)
comparator/microdens i tometer, such that a density sample was taken'ét
- intervals of one mm and recorded on magnetic tape. The effective
aperture was 100 ﬁicrometers (ym) diameter. One scan down the center
_of the sensitometer exposure was taken using each of three color filters
- (red, green, blue), and one scan was taken using no filter (clear).
| Limitations in film latitude caused the full range of densities
_.to be located in a scan length of 170 mm. Truncation of the.data according
to the rules discussed previously brought the size of the working data
set to approximately 80 to 95 mm for each scan run. No attempt was made
at smoothing the data or averaging several scans together. If was
felt that single data sets of this size were sufficient to filter out

unwanted noise and prove the validity of the exponential model for CIR fllm.
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RESULTS

The outputs of the film curve modéling-program are beta vajues,
correlation coefficients, standard errors of estimate, plots of
actual fruncated data versus predicted density data, and a listing of
the full data sét. Some of the results are shown in ngures 2 through
7. Figure 2 is the plot of actua{ and predicted curves for the best
case of the red response (infrared sensitivity) of this film. The fit
of the data is very close, and the standard error (i.e., the root mean
sqﬁare deviation between these curves) is 0.023 density units. This is
excellent considering the densitometry was done with precision and
' accuraﬁy of approximately 0.0 and 0.02, respectively. The best fits
for the green and clear response curves yield standard errors less
than 0.033, |

The best case for the blue response of CIR film given by Figure 3
is somewhat poorer. Here the standard error was 0.679._7An artifact
which appears‘in all color response curves in this test but is most
pranounced wifh the blue filter curve is a small discontinuity at about
2.0 density. Most analog and digital plots for ofher film samples havé
not exhibited lack of smoothness at middle densities. The only explan-
“ation offered is that the light beam had a slight nonuniformity at the
center of the sens;tometer platen at the time these samp!es were exposed.
Variations with wavelength indicate that scatterlng effects are also
" present.
The actual data are somewhat noisy at high density, indicating_ 

;that further truncation of the upper end would permit a better fit of
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Figure 2. Plot of the best fit for data set no. 1. The symbo! A
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the model. Figure 6, showing the.standard error values for all trials

with this data set, also suggests more truncation would reduce the

_error.

An examination of F}gu;;glh,‘s, and 7 of standard error for red,
green, and élear re5p0nses'reveals ﬁhat tﬁe cubic model is superior
to the quadgatic form in that there is much less sénsitivity to trunca-
tion and to choice of C value. In general, the truncation of D . ~0.2
yields superiér results to the case of eliminating on}y'the data above
DL 0.1 |

The beta values for the best céses {lowes t standard error)-using
the cuﬁic equations are given in Table 1 for thelfour data sets. The
variab}e x used in the computations was the distance in mm along the
" sensitometer exposure. A difference of 1.0 in relative 1qg]0E is equal
to 52.7 mm, and af that value of x the’terms of equation 2 are shoyn.
It is notable that therg i§ not a set péttern for the sign of B]);BZ
and ) and‘tha; the higher‘order terms of the series expression are
quite large. The series does not converge nicely, and these results
sugges t the need to test anﬂeguation with fourth-and fifth-ordef terms.
We found, incidentally, that at the points on Figures 5 and 6 where the
quadratic curves In;érsecfed the cubic curves, the value of 33 was
- indeed zero for the cubic model. |

| Figufes 4 through 7 also show for the'cubic mode | that_a‘sufficéent

rénge of € values has been attempted tolfind where the minimum efror

occurs. The curves for the quadratic model do nct in all cases reach

the minimum point. It is apparent, though, from their decreasing siopes
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Table 1. Beta coefficients for the best fit of the cubic model for each of'the four

data sets. The terms of equation 2 are also computed for x = 52.7 mwm (1 unit of IogloE).

8 B B 2 3
Data Set B L 2 e 3. B X B,x" | BaX
| O | o3 m | o ) | (1078 3 ‘ 2 3
1 (Red) 1.08 -8.96 0.42 ~7.61 -0.472 0.116 | ~1.11
2 (Green) | 1.08 -3.33 -6.27 0.615 -0.175 | -1.740 | 0.0904
3 (Blue) 1.25 6.62 -1.09 -3.89 -0.348 | -0.303 | -0.568
L (Clear) | 1.16 -6.34 1.80 7.4 -0.334 0.596 -1.04




at the lower ends that they will reach minimum values fhat are higher
_than those we have obtained in other cases. | |
CONCLUS TONS

- We havé.exhibited strong‘evidence that an exponential model which
is second or third order in log exposure is accurate for a set of
integral den51ty characteristic curves of CIR film. It remains to.be
seen: if the relattonsh:p holds for a varlety of emu]suons and prccess- ‘
. ing runs, Usually one would expect few d:fferences in curve shape --
6nly differences in speed or absolute value of Iog‘oE.

bur next test should include fourth-and fifth-order terms, espec-

iai!y in :he case of the biue response curve wherg the best case gave a
’ ;tandard error of 0.083 density units. Further truncation of the high
‘dgnsity data might'aiso redﬁce the errér to the axcellent results of
about 0.03 obtained for the red, green and clear curves.
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APPENDIX A

NASA-USDA FORESTRY AND RANGE REMOTE SENSING RESEARCH PROGRAM

STAR® No.

N67-19905

N66-39698

N67-19939

N66-39304

N66-39386

N66-39700

“"REMOTE -SENSING APPLICATIONS IN. FORESTRY' SERIES

1966 Annual Reports
: Title

~ Carneggie, D. M., W. C. Draegef and D. T. Lauer. The

use of high altitude, color and spectrozonal imagery for
the inventory of wildland resources. Vol. I: The timber
resource. School of Forestry and Conservatlion, Univer-~
sity of California, Berkeley. 75 pages.

Carneggie, D. M., E. H. Roberts and R. N. Colwell. The
use of high altitude, color and spectrozonal imagery for
the inventory of wildland resources. Vol., Il: The
range resource., School of Forestry and Conservation,
University of California, Berkeley. 22 pages,

Carneggie, D. M. and R. N. Colwell. The use of high
altltuyde, color and spectrozonal imagery for the inven-:

‘tory of wildland resources. Vol. II1l: The soil, water,

wildiife and recreation resource. School of Forestry -
and Conservation, University of California, Berkeley.
L2 pages. . :

Heller, R. C. et al. The use of muttispectral sensing
techniques to detect ponderosa piné trees under stress
from insect or pathogenic organisms. Pacific Southwest

Forest and Range Experiment Statlon, U.S. Forest Service,

USDA. 60 pages. o

tauer, D. T. The feasibility of identifying forest
species and delineating major timber types in California
by means of high altitude small scale aerial photography.
School of Forestry and Conservation, University of Cal-
ifornia, Berkeley. 130 pages.. o

Wear, J. F. The development of spectro-signature indji-
cators of root disease on large forest areas. Paclfic
Southwest Forest and Range Experiment Station, U.S.
Forest Service, USDA. 24 pages.

*Available through NASA Scientific Technical and Information Facility,
P. 0. Box 33, College Park, Maryland 20740. '
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STAR No.

- N66-39303

N§6~39405

N6S-17506

N68-17kg4h

.

© N6B-17671

- N68-17378

'N68f|7403

N68-17247

" Lauer, D. T.

Heller, R. C.,
‘F. P. Meber.
niques to detect ponderosa pine tress under stress from

Title

Lent, J. D. Cloud cover interference with remote
sensing of forested.areas from earth-orbital! and lower
altitudes. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 47 pages.

Weber, F. P. Multispectral imagery for species identi-
flcation. Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. 37 pages.

1967 Annual Reports

Draeger, W. C. The interpretabliiity of high altitude
multispectral imagery for the evaluation of wildland
resources. School of Forestry and Conservation, Un;—
versity of Callforn:a Berkeley. 30 pages,

The feas?biiity of identifying forest
species and delineating major timber types by means of
high altitude multispectral Imagery. School of Forestry

~and Conservation, University of Cal:farnla Berkeley.
72 pages.

Carneggie, D. M., C. E, Poulton and E. H. Roberts.
The avaluation of rangeland resources by means of
multispectral imagery. School of Forestry and Con-

~servation, University of California, Berke]ey 76

pages.

Wear, J. F. The development of spectro-signature
indicaters of root disease on large forest areas.

Pacific Southwest Forest and Range Experiment Station,

U.S. Forest Service, USDA. 22 pages.
R. C. Aldrich, W. F. McCambridge and
The use of multispectral sensing tech-

insect or pathogenic organisms. Pacific Southwest
Forest and Range Experiment Station, U.S. Forest Service,
USDA. 65 pages. '

Weber, F. P. and C. E. Olson. Remote sensing impli-

-cations of changes in physiologic structure and function

School of
61 pages.

of tree seedlings under moisture stress,
Natural Resources, University of Michigan,
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STAR No.

N63-16L61

N69~25632

N69-16113

N72-74471

ek

N69-163390

N71-37947

N69~1215§

Title

1968 Annual Reports

‘Lent, J. D. The féasibility of identifying wildland

resources through the analysis of digitally recorded
remote sensing data. School of Forestry and Conserva-

- tion, University of California, Berkeley. 130 pages.

Carneggie, D. M. Analysis of remote sensing data for
range resource management. School of Forestry and
Conservation, Unlver5|ty of California, Berkeley.

62 pages.

-Lauer, . T. Forest speciés identification and timber -

type delineation on multispectral photography. School
of Forestry and Conservation, University of California,
Berkeley. 85 pages.

Driscoll, R. 5. and J. N. Reppert. The identification
and quantification of plant species, communities and

other ressurce features in herbland and shrubland

environments from large scale aerial photography.
Rocky Mountain Forest and Range Experiment Station,
U.S. Forest Service, USDA. 62 pages.

Wear, J. F. The development of spectro-signature
indicators of root disease impact on forest stands.
Pacific Southwest Forest and Range Experiment Station,

-U.S. Forest Service, USDA. 27 pages.

Poulton, C. E., B. J. Schrumpf and E. Garcia-Moya.

The feasibility of inventorying native vegetation and
related resources from space photography. Department
of Range Management, Agricultural Experiment Station,
Oregon State University. 47 pages. _

Heller, R. C., R, C. Aldrich. W. F. McCambridge, F. P.

" Weber and S. L. Wert. The use of multispectral sensing

techniques to detect ponderosa pine trees under stress
from insect or pathogenic organisms. Pacific Southwest
Forest and Range Experiment Station, U.S, Forest Service,
USDA. 45 pages.

Draeger, W. C. The interpretability of high altitude
multispectral imagery for the evaluation of wildland
resources. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 68 pages.

#%STAR number not availab}e.
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STAR No.

N72-74472

N69-15856

N70-141162

N70-4116h

N70-42044

N70-%41064

N70-41282

N70-41063

Title

Langley, P. G. and D. A. Sharpnack. The development of
an earth resources information system using aerial
photographs and digital computers. Pacific Southwest
Forest and Range Experlment Station, U.S. Forest Serv;ce,
USDA. 26 pages. :

Clson, C. E. and J. M. Ward., Remote éensing of changes
in morphology and physiology of trees under stress.
School of Natural Resources, University of Michigan.

'43 pages.

1959.Annual'Report9.

ODison, €. E., J. M. Ward and W. G. Rohde. Remote

sensing of changes in morphology and physiology of
treas under stress. Schoo] of Natural Resources,

University of Michigan. 43 pages.

Heller, R. C., R. C, Aldrich, W. F. McCambrldge and
F. P. Weber. - Tha use of multlspectral sensing tech-
niques to detect ponderosa pine trees under stress from
insect or diseases. Pacific Southwest Forest and Range

& Experiment Station, U.S. Forest Service, USDA. 53 pages.

Langiey, P. G., D. A. Sharpnack, R. H. Russell and
J. Van Roessel. The development of an earth resources
information system using aerial photographs and digital
computers. Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. h3 pages.

-Driscoll, R. S. The identification and quantification

of herbland and shrubland vegetation resources from
aerial and space photography. Rocky Mountain Forest
and Range Experiment Station, U.5. Forest Service,
USDA. 55 pages. :

Colwell, R. N. et al. Analysis of refwte sensing data
for evaluating forest and range resources., School of
Forestry and Conservation, Unavers:ty of Callfornia,
Berkeley. 207 pages.

Poulton, C. E., E. Garcia-Moya, J. R. Johnson and

B. J. Schrumpf. ‘inventory of native vegetation and
related resources from space photography. Department
of Range iManagement, Agricultural Experiment Station,

Oregon State University. 66 pages.
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STAR No.

N70-41217

wk-

*k

otk

ke

Hk

N71-36770

N72~-28321

kX

Title
. .
Wear, J. F. and F. P. Weber. The development of spectro-
signature indicators of root disease Impacts on forest

 stands. Pacific Southwest Forest and Range Exper:ment

Station, U.S5. Forest Service, USDA. 58 pages.

1970 Annual Reports

Witson, R. C. Potentially efficient forest and range

applications of remote sensing using earth orbital
spacecraft -- circa 1980. School of forestry and Con-
servation, University of California, Berkeley. 199 pages.

Aldrich, R. C., W. J. Greentree, R. C. Heller and N. X.
Norick. The use of space and high altitude aerial
photography to classify forest land and to detect forest

- disturbances. Pacific Southwest Forest and Range Experi-
ment Statiom, U.S. Forest Service, USDA. 36 pages.

Driscoll, R. S. and R. E. Francis. HMultistage, multi-

seasonal and multiband imagery to identify and quantify

noen-forest vegetation resources. Rockvy Mountain Forest

anhd Range Expertment Station, U.S. Forest Service, USDA.
65 pages.

Personnel of Forestry Remote Sensing lLaboratory.
Analysis of remote sensing data for evaluating vegeta-
tion rescurces. School of Forestry and Conservation,
University of California, Berkeley. 171 pages.

Meyer, M. P., D. W. French, R. P, Latham and C. A.

"Nelson. Vigor loss in conifers due to dwarf mistletoe,

School of Forestry, University of Minnesota. 21 pages.

Langley, P. G., J. Van Roessel, D. A. Sharpnack and

R. M. Russell, The development of an earth resources
information system using aerial photographs and digital
computers. Pacific Southwest Forest and Range Experi-

ment Station, U.S. Forest Service, USDA. 32 pages.

Weber, F. P. and J. F. Wear. The development of spectiro-
signature indicators of root disease impacts on Torest
stands. Pacific Southwest Forest and Range Experiment
Station, U.5. Forest Service, USDA. 46 pages.

Heller, R. C., F. P. Weber and K. A. Zealear. The use

of multispectral sensling techniques to detect ponderosa
pine treas under stress from insccts or digseases,  Pacllic
Southwest Forest and Range Experiment Stallon, U.5, Vorest
Service, USDA. 50 pages:

*#%STAR number not available.
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STAR No.

 N72-27375

N71-32815'

N72-28327
872-28328

 N72-28324

' N72-28326

N72-28325
N72-28037

it

Title

Olson, C. E.; W. G. Rohde and J. M. Ward. Remote
sensing of changes in morphology and physiology of trees
under stress. School'of Natural Resources, University

- of Michigan. 26 pages.

1971 Annual Reports

Dana, R. W. Calibration of color aerial photography.
Pacific Southwest Forest and Range Experiment Station,
U.S. Forest Service, USDA. 1k pages.

. Driscoll, R. S. and R. E. Francis. Muitistage, multi-

band and sequential Imagery to identify and quantify
non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest Service,

"USDA. 75 pages.

" Amidon, E. L., D. A. Shafpnack and R. M. Russell. The

development of an earth resources information system
using aerial photographs and digital computers. Pacific
Southwest Forest and Range Experiment Station, U.S.
Forest Service, USDA. 7 pages.

‘Parscnnel of the Remote Sensing‘Research Work Unit.
- Monltoring forest land from high altltude and irom

space. Pacific Southwest Forest and Range Experiment

- Station, U.S. Forest Service, USDA. 175 pages.

Poulton, €. E., D. P. Faulkner, J. R. Johnson, D. A.
Mouat and B. J. Schrumpf. Inventory and analysis of
natural vegetatlion and related resources from space
and high altitude photography. Department of Range
Management, Agricultural Experiment Station, Oregon
State University. 659 pages.

Meyer, M. P., D. W. French, R. P. Latham, C. A. Nelson
and R. W. Douglass. Remote sensing of vigor loss in
conifers due to dwarf mistietoe. School of Forestry,
University of Minnesota. 40 pages.

Olson, C. E., W. G. Rohde and J. M. Ward. Remote sensing
of changes in morphology and physiclogy of trees under

" stress. School of Natural Resources, University of

Hichigan. 77 pages.

personnel of Forestry Remote Sensing Laboratory.
Analysis of remote sensing data for evaluating vegeta-
tion resources. School of Forestry and Conservation,
University of California. 195 pages.

#%S5TAR number not available.
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STAR No. | | Title

1972 Annual Reports

ek Driscoll, R. S. and R E. Francis. Multistage, multi~
band and sequential imagery to identify and quantify
non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest Service,
USDA. k2 pages.

L . Amidon, E. L., D. A. Sharpnack and R. M. Russell. The
development of an earth resources information system
using zerfal photographs and digital computers. Pacific
Southwest Forest and Range Experiment btat:or, u.s.
Forest Service, USDA. 23 pages.

Foit Poulton, C. E. lInventory and analysis of natural vege-
' tation and related resources from space and high alti-

tude photography. Range Management Program, Agricul-
tural Experiment Station, Oregon State University. &8

pages.

#k Personhe! of the Remote Sensing Research Work Unit.
‘ M6ﬁitcr{ng forest land from high altitude and from
space.” Pacific Southwest Forest and Range Experiment
Statich, U S. Forest Service, USDA. 200 pages.

L . Olson,. dr., C. E. Remote sensing of changes in morpho!-
ogy ard physiology of trees under stress. Scheol of
Natural Resources; Urniversity of Michigan. 26 pages.

ek ~ Personnzl of the Forestry Remote Sensing Laboratery.
Analysis of remote sensing data for evaluating vegeta-
tion resources. School of Forestry and Conservation,
University of California, Berkeley. 245 pages.

*% Douglass, R. W, M. P. Meyer and D. W. French. Remote
sansing applications tu forest vegetation classification
and conifer vigor loss due to dwarf mistletce. CLollege
of Forestry, University of Minnesota. &6 pages.

F*STAR number not available.





